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Executive Summary 

 

 This manuscript examines what is known about the influence of the Mississippi River 

and its delta on the oceanography, ecology and economy of the Gulf of Mexico. While it has 

long been recognized that the Mississippi River plays a dominant role in the Gulf of Mexico, 

given that is it the largest source of freshwater, nutrients and sediments to this section of the 

ocean, few previous efforts have actively sought to summarize the multitude of the river’s 

impacts. This document demonstrates the Mississippi River’s importance in the Gulf of Mexico, 

producing a plume of freshwater that extends 10,000 to 35,000 km2 in area. The plume’s extent 

is further influenced by dynamical and meteorological factors that govern its distribution. The 

river’s plume has important implications for the ecology of the Gulf of Mexico-it provides large 

nutrient loads that contribute to highly productive marine ecosystems, and yet it also fuels a 

seasonal hypoxic zone that is one of the largest such zones on earth. However, recent 

publications indicate that the stimulatory impacts of the Mississippi River on fish populations 

outweigh the deleterious impacts of hypoxia- although research on this topic is still ongoing. The 

Mississippi River plume is also an important source of food and sediment to benthic 

communities, though this delivery is irregular and this irregularity of river inputs influences the 

structure of benthic ecosystems.  

 The delta of the Mississippi River and associated estuaries also provide substantial 

impacts to the Gulf of Mexico. They are also a source of freshwater to the Gulf, although about 

10-50 times smaller, than the river itself. The delta and its estuaries provide important food, 

habitat, and nursery grounds for numerous species of ecologically and economically important 

species of vertebrates and invertebrates that live in the Gulf of Mexico.  However, the wetlands 

of the Mississippi River Delta are in a chronic state of land loss. While the implications of this 

land loss are widespread, for the purposes of this review the most important impact is that 

Louisiana’s degrading wetlands provide an important, but often localized, source of carbon and 

sediments to the Gulf of Mexico. Small active deltas near the mouth of the Mississippi and 

Atchafalaya Rivers provide important, but localized, sinks for sediments, carbon and nutrients.  

Over the past century humans have had substantial impacts on the Mississippi River, its 

delta, and the way that these systems impact the Gulf of Mexico. Shifts to the river include major 

hydrological changes to the channel of the Mississippi River that constrain its flow, the 

construction of dams in the river’s watershed that reduce the river’s sediment flux to the coast, 

and major increases in agriculturally-derived loads that both increase primary production, 

secondary (e.g., fish) production and hypoxia. Shifts to the delta include a range of geologic, 

geomorphic and ecosystem impacts that lead to wetland loss, which can increase the flux of 

carbon and sediments to the Gulf, and which can shift (both positively and negatively) available 

habitat for estuarine-dependent species.  

In the decades ahead, the impacts of the Mississippi River and its delta on the Gulf of 

Mexico are likely to continue to change, largely (but not entirely) because of human-driven 

processes. Climate change, global sea level rise, channel aggradation, and continued subsidence 
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could cause shifts in the lowermost outlet of the Mississippi River, shifting the plume’s 

distribution northward. The State of Louisiana is actively planning to partially divert the flow of 

the Mississippi River as a means to rebuild its wetlands. These “river diversions” would also 

shift northward the plume of the Mississippi River, and this could trigger a suite of cascading 

impacts to the ecosystem. Such changes would have important societal impacts as the 

Mississippi River is a critical transportation pathway, and Gulf of Mexico fisheries are among 

the most economically important fisheries in the nation. Overall, it is the intention of this 

manuscript to provide important supporting material to inform regional decision makers as they 

prepare for restoration that might occur in continued response to the Deepwater Horizon Oil Spill 

and future oil spills or large-scale perturbations, prepare to reverse decades of other 

environmental impacts such as wetland loss, and prepare for a future with a warming climate and 

rising sea levels.  
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I. INTRODUCTION 

 

I.A. Background 

 

 This paper examines the influence of the Mississippi River and its delta on the Gulf of 

Mexico. While it is well known that the Mississippi River is the largest source of water, 

sediments, and nutrients to the Gulf of Mexico (Dunn 1996; McKee et al. 2004), many details 

regarding the fate, transport, and environmental impacts of these materials remain unresolved. 

Additionally, many effects of the Mississippi River Delta on the ecology and oceanography of 

the Gulf of Mexico remain to be fully answered, despite the fact that this delta is one of the 

largest and most productive components of the Gulf of Mexico Large Marine Ecosystem. Filling 

these knowledge gaps is particularly important because many people and industries depend on 

the Mississippi River, its delta and the river-influenced areas of the Gulf of Mexico for their 

livelihood and culture (LACPRA 

2017). Furthermore, the functioning 

and influence of the river and its delta 

could change in the years ahead as the 

climate changes, as the rate of relative 

sea-level rise accelerates, and as the 

State of Louisiana initiates a Coastal 

Master Plan that will partially divert 

the flow of the Mississippi River.   

 

I.B. Study Region 

 

 For the purposes of this paper, 

the Mississippi River system (Fig.1-

1) is considered to be any part of the 

Mississippi River and its 

distributaries that discharges into the 

Gulf of Mexico. This includes the 

river’s mainstem, major 

distributaries (such as the Atchafalaya River), flood control structures that discharge into the 

estuaries (such as the Bonnet Carré Spillway), as well as additional sources of river water to the 

ocean (such as subterranean flow from the Mississippi River to the coastal zone). This paper 

considers the entirety of the Gulf of Mexico, including the five U.S. Gulf States, federal waters, 

as well as those sections of the Gulf of Mexico that are in Mexican, Cuban, and international 

waters.  The Mississippi River system drains an area of 3.2 x 106 km2, including the entirety or 

parts of 31 states and 2 Canadian provinces (Day et al. 2007). The outlet of this river system is 

Fig. 1-1. NASA/Modis imagery of the Mississippi River Delta and its 

coastal zone, with key areas highlighted. Image date: May 17, 2011. 

Image credit: Louisiana State University Earth Scan Laboratory. 

www.esl.lsu.edu 

https://paperpile.com/c/cVstcY/L9m32+f5edj
https://paperpile.com/c/cVstcY/VCrhj
https://paperpile.com/c/cVstcY/VCrhj
https://paperpile.com/c/cVstcY/TJ5hC
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the Mississippi River Delta, a 38,600 km2 region that contains a vast network of rivers, bayous, 

wetlands, lakes and open bays (Day et al. 2007).   

  

I.C. Study Scope  

 

A working group was convened to discuss and examine the influences of the Mississippi 

River and its delta on the ecology, oceanography, and economy of the Gulf of Mexico Large 

Marine Ecosystem. The study is concerned largely with modern time scales, which as defined 

here are having occurred during the last 100 years, and changes that are likely to occur over the 

next 50-100 years. This time scale covers most of the intensive post-industrial human impacts to 

the river system, and incorporates the reasonably foreseeable changes that could occur with 

climate change, continued environmental impacts, and planned restoration.  Longer time scales 

will only be examined to the extent that they inform the focus time scale. 

 

This group examined the following five critical questions:  

 

1) How does the Mississippi River influence water column processes in the Gulf of Mexico? 

What material does the river deliver, over what area is this material delivered, and how is 

it reworked and redistributed over time? What are the impacts of Mississippi River water 

on living resources in the Gulf of Mexico?   

 

2) What is the Mississippi River’s influence on the seafloor in the Gulf of Mexico? What 

are the major benthic communities in the Gulf of Mexico? How do benthic habitats and 

substrates change from the shallow regions of the Gulf of Mexico to the deep ocean, and 

what are controls on these changes? How do the processes that control sediment 

metabolism, sediment reworking, and sedimentary geochemical cycles change from the 

shallow reaches of the Gulf of Mexico to the deep sea, and how do these processes 

change as the river’s influence becomes increasingly distant? 

 

3) What is the impact of the river on the estuarine reaches of the delta, and what is the 

impact of the delta on the coast? 

 

4) What are the human influences on the ways that the Mississippi River and its delta 

influence the oceanography, ecology, and economy of the Gulf of Mexico? 

 

5) What are the potential future impacts on the ways that the Mississippi River and its delta 

influence the oceanography, ecology, and economy of the Gulf of Mexico? 

 

 These questions are addressed through a synthesis-style process that examines existing 

data, publications and, where appropriate, numerical models. The influence of the Mississippi 

https://paperpile.com/c/cVstcY/TJ5hC
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River and its delta on the oceanography of the Gulf of Mexico have been addressed by individual 

researchers and specific teams for decades. Such efforts include, but are not limited to: efforts to 

study the seasonal hypoxic zone; river/plume physical dynamics; the diversity of abundance of 

many species; fisheries production; the flux of nutrients, organic matter and contaminants; the 

impacts of major oil spills; and the ecological restoration of the Mississippi River Delta. Despite 

this intensity of research, there have been relatively few review efforts that have examined the 

impact of the river and its delta on the oceanography of the Gulf of Mexico. Many of the best 

reviews to date have examined the drivers of hypoxia (T. S. Bianchi et al. 2010; N. N. Rabalais, 

Turner, and Wiseman 2002), the role of large rivers and their deltas in general (Syvitski and 

Saito 2007; Syvitski et al. 2003; McKee et al. 2004), specific issues related to river management 

and coastal restoration (Allison et al. 2012; Allison and Meselhe 2010), syntheses in support of 

the offshore energy industry (Boesch and Rabalais 1987; Shepherd et al. 2016), general 

introductions to oceanography and ecology the Gulf of Mexico and the Mississippi River Delta 

(Kumpf, Steidinger, and Sherman 1999; Day et al. 2007), and the impacts of the BP/Deepwater 

Horizon Oil Spill in 2010 (Shepherd et al. 2016; Colwell 2014).  The goal of this paper is to 

provide a comprehensive, yet easily accessible analysis that can provide managers, decision 

makers, academics, and the interested public with the information that they need to understand 

how the largest river in the United States and its delta impact the ocean.  

 

II. WATER COLUMN PROCESSES 

 

II.A. Introduction and Conceptual Model 

 

This section examines how the Mississippi River system influences water column 

processes in the Gulf of Mexico: the material the Mississippi River delivers, the area over which 

this material is delivered, and how is it reworked and redistributed over time.  A summary of the 

impacts of the Mississippi River on water column processes in the Gulf of Mexico is in Figure 2-

1. This figure traces the flow of water, sediments and nutrients from the time they enter the Gulf 

of Mexico through their transport and fate in the water column.  The figure shows that plume 

water can be transported through wind-driven processes, such as cold fronts and summer winds, 

or influenced by offshore processes such as the Loop Current and associated mesoscale eddies. 

This figure also shows the impact of river water on ecological processes in the Gulf of Mexico, 

including primary production, secondary production, and nekton production. The figure reaches 

the benthos, but the total impacts of the Mississippi River on the benthos in the Gulf of Mexico 

are presented in a separate model (see Fig. 3-1). Finally, the figure demonstrates the time scales 

over which processes occur, and evaluates the state of the community’s knowledge over of these 

processes.  

https://paperpile.com/c/cVstcY/ZGTh3+shAFk
https://paperpile.com/c/cVstcY/ZGTh3+shAFk
https://paperpile.com/c/cVstcY/b5bTN+HVYdH+f5edj
https://paperpile.com/c/cVstcY/b5bTN+HVYdH+f5edj
https://paperpile.com/c/cVstcY/ISctZ+CN08o
https://paperpile.com/c/cVstcY/KIsYA+TJ5hC
https://paperpile.com/c/cVstcY/kIfxB+9T5Uw
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II.B. Hydrological Fluxes 

 

The direct inputs of the Mississippi River to the Gulf of Mexico are relatively well 

known (Figs. 2-2, 2-3). The river system currently delivers approximately 750 km3 of water to 

the Gulf, with ~70% of this water flowing through the river’s mainstem and ~30% exiting 

through the Atchafalaya River, to the west (Allison et al. 2012). The system also delivers 

approximately 108 x 106 metric tons of sediment to the gauging stations near the Gulf of Mexico 

per year, with ~60 x 106 metric tons discharging through the mainstem and 48 x 106 discharging 

through the Atchafalaya River (Allison et al. 2012). The Mississippi River system is also the 

primary source of biologically important dissolved constituents to the Gulf of Mexico. It delivers 

~1.3 x 106 metric tons of nitrogen per year (Fig. 2-4), 1.4 x 105 metric tons of phosphorus, and 

4.2 x 106 metric tons of dissolved silica per year (Turner et al. 2007). However, these numbers 

fluctuate by a factor of about 2-5 from year to year, primarily with river discharge fluctuations, 

but also with other environmental factors (Turner et al. 2007).   

The inputs of water, sediments, and nutrients are distributed heterogeneously and non-

linearly across the Gulf of Mexico. Water from the Mississippi River begins to enter the Gulf 

about 70 km upstream from Head of Passe, as water begins to flow through degraded levees on 

the eastern side of the river. Distributaries located between Belle Chasse and Head of Passes 

distribute about 236 km3 annually, or about 44% of the total discharge of the Mississippi River 

(Fig. 2-2). Most of the remaining discharge, about 253 km3 yr-1 exits through the three major 

distributaries in the Birdsfoot Delta, with Southwest Pass discharging 163 km3 yr-1 of water, and 

South Pass and Pass a Loutre discharging 47 and 43 km3 yr-1 respectively (Allison et al. 2012). 

Fig. 2-1. Conceptual model of the impacts of the Mississippi River on the water column of the Gulf of Mexico 

https://paperpile.com/c/cVstcY/ISctZ
https://paperpile.com/c/cVstcY/ISctZ
https://paperpile.com/c/cVstcY/ed0YE
https://paperpile.com/c/cVstcY/ed0YE
https://paperpile.com/c/cVstcY/ISctZ
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Thus approximately 305 km3 yr-1 of water 

are discharged southward or westward 

towards the Louisiana Bight, and 184 

km3 yr-1 of water are discharged eastward 

or northward toward Breton Sound or the 

Mississippi coast (Allison et al. 2012). 

Additionally, about 31 km3 of water flow 

from the Mississippi River to the 

estuaries of the delta through 

subterranean pathways, though this 

discharge likely varies with river stage 

(A. S. Kolker et al. 2013).  

Approximately 29.4 x 106 metric tons 

(MT) of sediment are discharged to the 

coastal zone between Belle Chasse and 

Head of Passes (~33% of the Belle 

Chasse load or ~88 x 106 MT yr-1), with 30.3 x 106 MT of sediment discharged south of Head of 

Passes. Across the entire lower Mississippi River, approximately 34.7 x 106 MT of sediment are 

discharged westward and southward, and 25 x 106 MT of sediment are discharged eastward and 

northward. About 26 x 106 MT of sediment, or about 29% of the annual discharge at Belle 

Chasse, are discharged into the deepwater reaches of the Gulf of Mexico at South Pass and 

Southwest Pass (Allison et al. 2012). 

  

Water and dissolved constituents are transported over a wide area across the northern 

Gulf of Mexico. An analysis of the U.S. Navy’s Global Hybrid Coordinate Ocean Model 

(HYCOM), and its associated reanalysis data indicates that the plume of the Mississippi and 

Atchafalaya Rivers, operationally defined as surface areas that are < 33 PSU, range from 10,000 

- 35,000 km2 (Fitzpatrick, Kolker, and Chu 2017). 

These data (Fig. 2-5), coupled with earlier work, 

indicate that some sections of the open ocean regions 

of the  Gulf of Mexico are always influenced by 

freshwater from the Mississippi River (Fitzpatrick, 

Kolker, and Chu 2017; Schiller et al. 2011; Walker et 

al. 1996), a finding that stands in contrast to many 

other Atlantic and other Gulf Coast rivers and their 

associated estuaries--such as the Hudson and the 

Chesapeake, where much less freshwater reaches the 

open ocean.  On average, the plume extent is at its 

greatest in May and June, when the 33 PSU contour 

regularly extends to Mobile Bay to the east, and to 

Fig. 2-2. Annual inputs of freshwater (in km3) from the Mississippi 

and Atchafalaya River to the Gulf of Mexico. Source: Allison et al., 

(2012), Kolker et al., (In Press) 

Fig. 2-3. Daily discharge in the lower Mississippi 

River at Belle Chasse. Source: USGS 

https://paperpile.com/c/cVstcY/ISctZ
https://paperpile.com/c/cVstcY/kwEAN
https://paperpile.com/c/cVstcY/ISctZ
https://paperpile.com/c/cVstcY/rY4jx
https://paperpile.com/c/cVstcY/rY4jx+6Mg3u+IY3DT
https://paperpile.com/c/cVstcY/rY4jx+6Mg3u+IY3DT
https://paperpile.com/c/cVstcY/rY4jx+6Mg3u+IY3DT
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Matagorda Bay to the south and west. The size of the plume (Fig 2-6)  is only partially correlated 

with the discharge of the Mississippi and Atchafalaya Rivers (Fitzpatrick, Kolker, and Chu 

2017), confirming previous study results that  that winds, tides and the Loop Current and 

associated eddies play an important role in governing its distribution (Walker et al. 2005; 

Schiller et al. 2011; A. S. Kolker et al. 2014; Walker et al. 1996; Walker 1996).  Indeed, Walker 

(1996) and Walker et al. (1996) demonstrated that wind is a critical controlling factor for the 

distribution of the river plume around the Mississippi River Delta. Easterly (westward) winds 

increase the freshwater flow towards the west and westerly (eastward) winds force the river 

water to the southeast and east side of the delta. Eddies are closer to the delta to the east due to 

the deeper depths and thus they play a more frequent role in offshore transport there (Walker et 

al. 2005).   

Fig. 2-4. Concentrations of dissolved nitrate, silica, and phosphorus and 

the discharge of the lower Mississippi River. Source: Turner et al. (2007) 

and refs therein. 

https://paperpile.com/c/cVstcY/rY4jx
https://paperpile.com/c/cVstcY/rY4jx
https://paperpile.com/c/cVstcY/S6C0X+6Mg3u+GJ9eW+IY3DT+6cg7S
https://paperpile.com/c/cVstcY/S6C0X+6Mg3u+GJ9eW+IY3DT+6cg7S
https://paperpile.com/c/cVstcY/S6C0X
https://paperpile.com/c/cVstcY/S6C0X
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Fig. 2-5. Average monthly distribution of the Mississippi River plume, as defined by the 33 PSU, and determined 

from the HYCOM Model. Source: Fitzpatrick et al. (2017, and Fitzpatrick In Prep.). 

Fig. 2-6. Relationship between the monthly area of the Mississippi River plume (set at 90% the 33PSU contour in 

Fig 2-5) and the monthly discharge of the Mississippi River. Source: Fitzpatrick et al., (2017) and Fitzpatrick et al., 

(In Prep). 
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 The impacts of the Mississippi River plume on the Gulf of Mexico are governed, to an 

important degree, by stratification. River-dominated stratified waters are dominantly moved by 

wind transport, with about 60% of the time the wind directing the plume westward (Walker and 

Hammack 2000). In some cases, stratification can increase as the plume moves westward, as 

freshwater from the Atchafalaya River is added to the plume. This is also known to happen east 

of the delta, though to a lesser degree, as freshwater from rivers (such as the Pearl River) enter 

the Gulf of Mexico (Dzwonkowski et al. 2014). Despite this, there are time periods when the 

thickness of the freshwater plume on the continental shelf prevents mixing with deeper layers, 

effectively shutting down additional transport and mixing (Androulidakis, Kourafalou, and 

Schiller 2015).  

 The Atchafalaya and the Mississippi River have different discharge patterns that govern 

how they interact with the Gulf of Mexico. First, whereas the Mississippi River discharges its 

water over ~225 km of shoreline (along a curvilinear pathway from near Venice to Mardi Gras 

Pass; Fig. 2-2), the Atchafalaya River discharges through a 47 km passage at the mouth of 

Atchafalaya Bay. This means that while the total discharge of the Atchafalaya River is less than 

the Mississippi River, nearshore salinities on the Atchafalaya Shelf can be lower than nearshore 

salinities in many parts of the immediate region of the Birdsfoot Delta (A. S. Kolker et al. 2014). 

Second, the Atchafalaya River discharges into a shallow continental shelf where seafloor depths 

are often < 10m, which means that the plume can interact directly with the seafloor (Wright 

1997; Walker and Hammack 2000). In contrast, the Mississippi River discharges onto both the 

shelf and into deepwater, and flow from the deepwater discharging distributaries do not interact 

with the seafloor, meaning that dynamics are driven largely by buoyancy, rather than friction 

(Wright and Coleman 1971; Wright 1997; Walker et al. 2005; Walker and Hammack 2000; 

Walker et al. 1996).  

These differences have important implications for how the plumes behave and how they 

influence the Gulf of Mexico. Since the plumes of the Atchafalaya River, and the shallow water 

discharge sections of the Mississippi River (e.g., Baptiste Collette) interact with the bottom, they 

tend to have a wide, fan-shaped plume (Wright 1997; A. S. Kolker et al. 2014). Sediments near 

these plumes are readily resuspended by winds, though intense flood-driven stratification can 

limit such resuspension (Jaramillo et al. 2009). In contrast, the deepwater discharging 

distributaries of the Mississippi River (i.e., South and Southwest Pass) tend to have highly 

focused, jet shaped plumes that rarely interact with the bottom (Wright 1997; Falcini and 

Jerolmack 2010). Recently transported sediments here are rarely resuspended, and, instead, can 

be transported to the deep sea (Roberts 1997).  

 

II.C. Contaminant Fluxes 

 

The Mississippi River is also an important source of trace metal and rare earth elements 

to the Gulf of Mexico (Joung and Shiller 2014; Shiller 1997). Interestingly, studies have 

indicated strong seasonal cycles in the transport of elements in the Mississippi River such as Fe, 

https://paperpile.com/c/cVstcY/EMrPq
https://paperpile.com/c/cVstcY/EMrPq
https://paperpile.com/c/cVstcY/LUYtI
https://paperpile.com/c/cVstcY/vCkA6
https://paperpile.com/c/cVstcY/vCkA6
https://paperpile.com/c/cVstcY/GJ9eW
https://paperpile.com/c/cVstcY/6dHg1+EMrPq
https://paperpile.com/c/cVstcY/6dHg1+EMrPq
https://paperpile.com/c/cVstcY/W2LSv+6dHg1+S6C0X+EMrPq+IY3DT
https://paperpile.com/c/cVstcY/W2LSv+6dHg1+S6C0X+EMrPq+IY3DT
https://paperpile.com/c/cVstcY/6dHg1+GJ9eW
https://paperpile.com/c/cVstcY/1wK40
https://paperpile.com/c/cVstcY/6dHg1+9AB8F
https://paperpile.com/c/cVstcY/6dHg1+9AB8F
https://paperpile.com/c/cVstcY/inUuf
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Mn, Zn, Pb, V, Mo, U, Cu, Ni, Cd, Rb, and Ba, but relatively little year-to-year variability 

(Shiller 1997). Furthermore, even a high energy event with the strong potential to resuspend 

sediments, such as Hurricane Katrina, showed relatively little impact on the distribution of 

metals in areas in the Gulf of Mexico near the outfalls of the mainstem of the Mississippi River 

(Shim, Swarzenski, and Shiller 2012). Both the transport and fate of this material is highly phase 

sensitive, with some elements being transported primarily in the dissolved phase (U, Ba), others 

in the particulate phase (e.g., Fe, Pb), and others in both (Mn, Zn) (Shiller 1997). Plume shelf 

processes, including hypoxia, can change the solubility of elements--for example, V has been 

shown to be released from shelf sediments under hypoxic conditions (Shiller and Mao 1999).  

The Mississippi River also carries numerous contaminants associated with agriculture in 

the central part of the United States. Among the most abundant and problematic contaminant is 

nitrate (which comes from fertilizer), and its impact on the Gulf of Mexico ecosystem is 

discussed in sections II.E, and V.E. Other agricultural contaminants include numerous pesticides 

and herbicides, though they generally appear at levels below that considered unsafe by drinking 

water standards (Goolsby and Pereira 1995; Pereira and Hostettler 1993). More recent research 

has indicated an increase in salinity in the Mississippi River (Kaushal et al. 2018); however, 

given the relatively recent nature of this finding it is too early to ascertain the full impacts of 

increased river salinity on the Gulf. While there are concerns about contaminants along industrial 

corridors of the Mississippi River and their potential relationship to cancer nearby residents, 

relatively less is known about the impacts of these contaminants on the chemistry or ecology of 

the Gulf of Mexico (Watanabe et al. 2003).  

  

II.D. Example of the Influence of the Plume on Distal Regions: The Texas Mud Blanket 

 

The influence of the Mississippi River on the Gulf of Mexico’s seafloor can extend 100s of 

kilometers laterally, and 1000s of meters vertically from the river mouth. One example of distal 

influence is the “Texas Mud Blanket.” This collection of sedimentary deposits is located offshore 

of central Texas in up to 150 m of water and ~500 km from the delta. The Texas Mud Blanket 

evolved during the late Pleistocene and early Holocene into a system that is up to 20 m thick, and 

which has a total sedimentary volume of about 300 km3 (Weight, Anderson, and Fernandez 

2011). Overall, ~33% of the sedimentary volume of the Texas Mud Blanket can be attributed to 

the Mississippi River.  

 

II.E. Influence of the Mississippi River Plume on Coastal Hypoxia 

 

 The Mississippi River plays an important role in the development of hypoxia along the 

continental shelf in the northern Gulf of Mexico (N. N. Rabalais, Turner, and Wiseman 2002). 

The formation of hypoxia is complex (Figs. 2-7, 2-8) and involves multiple interacting factors 

(T. S. Bianchi et al. 2010; N. N. Rabalais, Turner, and Wiseman 2002). A brief overview of the 

process is as follows. Nutrients from the Mississippi River trigger primary production along the 

https://paperpile.com/c/cVstcY/g1zpP
https://paperpile.com/c/cVstcY/TAPwd
https://paperpile.com/c/cVstcY/qMp84+Lp4jU
https://paperpile.com/c/cVstcY/d2Quz
https://paperpile.com/c/cVstcY/6Y4fc
https://paperpile.com/c/cVstcY/4GyYM
https://paperpile.com/c/cVstcY/4GyYM
https://paperpile.com/c/cVstcY/shAFk
https://paperpile.com/c/cVstcY/ZGTh3+shAFk
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continental shelf, which produces vast amounts of organic matter (N. N. Rabalais, Turner, and 

Wiseman 2002). Microbes then degrade this organic matter, and this microbial activity requires 

oxygen. While this decomposition can take place throughout the water column, it is greatest in 

the lower depths of the water column and in sediments. Additionally, the large freshwater plume 

from the Mississippi River creates a highly stratified water column, particularly during summer, 

and this intense stratification prevents the resupply of dissolved oxygen to the bottom waters (T. 

S. Bianchi et al. 2010; Y. Feng, DiMarco, and Jackson 2012). The microbial respiration, coupled 

with the physical stratification, produces large areas of hypoxia (defined as having dissolved 

oxygen < 2.0 mg/L), which is particularly pronounced during summer along the Louisiana and 

Texas continental shelves (N. N. Rabalais, Turner, and Wiseman 2002; T. S. Bianchi et al. 

2010).  

While the Mississippi River plays a dominant role in providing the nutrients and 

stratification that drive hypoxia along 

the northern Gulf of Mexico, other 

physical and biogeochemical 

oceanographic factors also contribute to 

this process (T. S. Bianchi et al. 2010). 

Winds play a critical role in mixing the 

water column, and in the dispersal of the 

Mississippi River plume (Y. Feng, 

DiMarco, and Jackson 2012). A tropical 

cyclone, or other period of intense winds 

can mix the summer water column, 

injecting oxygen to deeper waters of the 

Gulf of Mexico. Additionally, westward 

blowing winds, currents, and the 

Coriolis Effect tend to expand the area of the hypoxic zone on the Texas shelf, by forcing 

Mississippi River waters westward; while eastward blowing winds have the opposite effect, at 

least as regards the Texas shelf (Y. Feng, DiMarco, and Jackson 2012). Less is known about the 

impacts of hypoxia on the eastern shelf (Engle, Summers, and Macauley 1999; Smith, Engle, and 

Summers 2006). Freshwater inputs from other discharging rivers along the Gulf Coast may play 

a role.  For example, the Brazos River appears to contribute to stratification, and thus hypoxia 

locally on the Texas shelf (DiMarco et al. 2012). Finally, other sources of carbon exist in the 

region that can fuel hypoxia. One potential source is the input of degrading organic matter from 

eroding marshes in the bays of the Mississippi River Delta (C. A. Wilson and Allison 2008; T. S. 

Bianchi et al. 2011), which have been in an erosional mode for almost a century, and are 

expected to remain so for the foreseeable future (Day et al. 2007; LACPRA 2017).   

 

 

 

Fig. 2-7. Schematic depicting the evolution of hypoxia in coastal 

waters. Source: Gulfhypoxia.net 
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II.F. Impacts of the River and Hypoxia on Fish and Fisheries in the Gulf of Mexico  

 

The impacts of Mississippi River-driven hypoxia on fisheries production in the Gulf of 

Mexico are complex, and driven by environmental factors that have impacts that are different in 

both sign and magnitude (Smith et al. 2014; 

Nancy N. Rabalais 2015). On one hand, the 

Mississippi River provides nutrients to the 

Gulf that stimulate the “Fertile Fisheries 

Crescent,” a band of the Gulf of Mexico 

that is about 200 km wide and extends 

roughly from the Alabama/Florida border to 

the Texas/Mexico border, where fisheries 

production and landings are among the 

highest in the nation (Gunter 1963). On the 

other hand, nutrients from the Mississippi 

River also fuel bottom hypoxia, which can 

be detrimental to marine fisheries (Nancy N. Rabalais 2015). Indeed, ample ecological and 

physiological evidence exists that dissolved oxygen concentrations of about 2.0 mg/L or less can 

cause detrimental physiological impacts and/or mortality to many marine fish, and fish kills 

associated with hypoxia have been noted in the Gulf of Mexico (Nancy N. Rabalais 2015; 

Chesney and Baltz 2000). However, studies also indicate that many species, including demersal 

fish, and brown shrimp have the ability to migrate away from the hypoxic zone, reducing its 

impact (Switzer, Chesney, and Baltz 2009; Smith et al. 2014; Purcell et al. 2017). Results from 

modeling studies indicate that stimulatory effects of high nutrient loads on productivity 

substantially outweigh the deleterious impacts of hypoxia development on fisheries production 

(De Mutsert et al. 2016). Overall, the impacts of river-derived nutrients on fisheries production 

must be regarded as complex, and full of non-linearities (Chesney and Baltz 2000).  

 The impacts of Mississippi River water on production is dependent both on the ratio of 

key nutrients in that water, and the spatial position location of the plume. For example, the rise in 

nitrate concentrations that have occurred in Mississippi River water have fueled a shift from 

communities dominated by hard shelled diatoms to communities dominated by diatoms with less 

hard shells, and, in some cases, communities with fewer diatoms (N. N. Rabalais et al. 1996). 

This is because the nitrate loadings, which are largely anthropogenic, have not been matched by 

an increase in silicate loadings, which has more of a natural source (N. N. Rabalais et al. 1996). 

Furthermore, the increases in nitrate have likely fueled an increase in harmful algal blooms in the 

Gulf of Mexico, which can have cascading impacts for humans and ecosystems (Anderson, 

Glibert, and Burkholder 2002).  

Primary production is also influenced by location within waters of the Mississippi River 

plume. Waters closest to the mouth of the Mississippi River are largely light limited by 

suspended sediments and dissolved organic matter, waters a moderate distance from the 

Fig. 2-8. Concentration of dissolved oxygen in bottom waters of 

the Gulf of Mexico during summer 2017. Source: Gulfhypoxia.net 
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Mississippi River (approximately the areas offshore of Barataria and eastern Terrebonne Bays) 

are most productive given the high nutrient loads and clear waters, and areas on the western side 

of Terrebonne Bay are typically less productive as nutrients have largely been removed (M. J. 

Dagg and Breed 2003; Michael J. Dagg et al. 2007). These patterns also impact the distribution 

of copepods, with greatest copepod abundances typically noted in the middle region (M. J. Dagg 

and Breed 2003). This is particularly significant given that copepods are a primary food source 

for numerous species of fish--including economically important ones - e.g. Gulf menhaden (M. J. 

Dagg and Breed 2003).  

      

III. BENTHIC COMMUNITIES 

 

III.A. Introduction and Conceptual Model 

 

The primary impacts of the Mississippi River on the benthos of the Gulf of Mexico are 

governed through the deposition of mineral sediments and the accumulation of organic detritus 

of biological material produced in the river-influenced waters of the Gulf of Mexico. Inorganic 

sediments contribute to the physical structure, both providing habitat and potentially burying 

organisms in high sedimentation areas. Organic material provides an important, but often 

irregular food source to the benthos. The benthos off the Mississippi River are dependent upon 

the constant rain of organic materials to the bottom, as in all depositional areas of the world 

where light and thus primary production is limited.  Suspension feeders dominate the muddy 

bottoms at the water-mud interface.  Deposit feeders then process organic matter further as 

materials are reworked into the sediment by bioturbation and new materials covers older 

material. These communities are dominated by three taxa Crustacea, Polychaeta, and Mollusca, 

which can be highly diverse.  Bottom feeding fish and mobile epifauna expolit the infauna.  

These processes are summarized in Figure 3-1, are their time scale of occurrence and the current 

state of knowledge.   
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II.B. Geographic Distribution of Benthic Communities 

 

 Benthic communities in the Gulf of Mexico extend from shallow regions near land to 

depths of over 3,500 m in the Sigsbee Deep (Fig. 3-2). Soft bottom communities, both 

meiobenthic (Baguley et al. 2006) and macrobenthic (Haedrich, Devine, and Kendal 2008) can 

be divided into 9 regions, based on geographic location (western, central, eastern) and depth 

(shallow, meso, and deep; where 800 to 1200 m is the meso depth). Abundance of all benthic 

groups declines exponentially with depth, including bacteria (Deming and Carpenter 2008), 

protozoan foraminiferans (Bernhard, Sen Gupta, and Baguley 2008), meiofauna (Baguley et al. 

2006), and macrofauna (Escobar-Briones, Estrada-Santillan, and Legendre 2008; G. D. F. 

Wilson 2008); and this relates to a decline in sediment organic matter (Morse and Beazley 2008).  

Diversity has a bell-shaped pattern, with maximum on the mid to upper continental slope at 

depths of about 1.5 km (Haedrich, Devine, and Kendal 2008; Powell, Haedrich, and McEachran 

2003; G. D. F. Wilson 2008). Soft bottom muds dominate the Gulf of Mexico, and regions that 

are influenced by the Mississippi River, such as those in the central Gulf and within the 

Mississippi fan and trench, are strongly influenced by depositional processes related to sediments 

exported onto the shelf and slope. The western and eastern sides of the Mississippi River have 

different benthic communities from each other, which is in part a function of the often fine-

grained siliciclastic sediments in the western Gulf of Mexico and the coarse-grained carbonate 

sediments found in the eastern Gulf of Mexico.  

Fig. 3-1. Conceptual model of the influence of the Mississippi River on benthic processes in the Gulf of Mexico. 
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Benthic communities in the Gulf, the river and its delta can be divided into hard and soft 

bottoms (C. R. Fisher, Montagna, and Sutton 2016).  The river is a major source of mud to the 

Gulf seafloor, and this mud primarily forms the soft bottoms (Fig. 4-3). Additionally, the Gulf 

contains many salt domes that protrude to the surface, which is where hard bottom communities 

can establish. Hard bottom communities, which can contain corals, are also found to the east of 

the Mississippi River off the Mississippi and Alabama coasts, particularly in the DeSoto Canyon. 

The Flower Gardens, which is the deepest coral reef in the world, is much further west of the 

influence of Mississippi River. However, some corals are also found within 60 km of the 

Birdsfoot Delta. Ecological communities around seeps of oil and other hydrocarbons are 

important in the benthos of the Gulf of Mexico, however, since these systems are rarely 

influenced by the Mississippi River on modern decadal time scales they are not included in this 

review (Cordes, Bergquist, and Fisher 2009).  The salt domes are reservoirs of hydrocarbons and 

can also seep brines and methane (C. Fisher et al. 2007), which produce unique benthic 

communities, in addition to 

being major stores of 

extractable energy.   

In many deep 

communities around the 

world, energy transfer is 

relatively small; in the Gulf of 

Mexico, this is not the case. 

The presence of the 

Mississippi River system, and 

its large load of nutrients and 

organic carbon, as well as the 

productive pelagic regions this 

area supports, are responsible 

for a more much greater levels 

of energy transfer (Rowe et al. 

2008). Sedimentation rates in 

the Gulf of Mexico are 

typically greatest in closest 

proximity to the mouth of the 

Mississippi River, and then decrease with distance from the river’s mouth.  This pattern often 

makes episodic events increasingly important with distance from the Mississippi River plume.  

However, sedimentation rates and patterns are not uniformly consistent. The flux of mineral 

sediments to the seafloor is strongly influenced by associated fluctuations in the delivery of 

sediment and water from the Mississippi River, and near surface currents that direct the 

Mississippi River plume (Fig. 3-1). The flux of organic matter to benthic communities is 

governed by oceanographic processes that govern primary and secondary production in euphotic 

Fig. 3-2. Map of the major features of the seafloor of the Gulf of Mexico. Source: 

marinecadastre.gov, http://www.arcgis.com/ and refs therein.  

https://paperpile.com/c/cVstcY/xUoTM
https://paperpile.com/c/cVstcY/k9EdQ
https://paperpile.com/c/cVstcY/cB0na
https://paperpile.com/c/cVstcY/YW439
https://paperpile.com/c/cVstcY/YW439


 

 

17 

and mesophotic zones, as well as the physical process (river, storm driven resuspension) that 

transport sediment-bound organic material.  

 The Mississippi River is also a source of contaminants to the deep waters of the Gulf of 

Mexico. Because many contaminants are bound to fine-grained particles, the broad distribution 

of contaminants across the Gulf of Mexico is governed by the distribution of the Mississippi 

River plume. Sediment from the Mississippi River plume also has the potential to cap and bury 

contaminants that entered the Gulf of Mexico from the BP/Deepwater Horizon oil spill and other 

oil spills. However, given current sedimentation rates in this region, such a burial might take a 

century to occur.  

 

 III.C. Spatial Controls on Sediment Metabolism, Sediment Reworking, and Geochemical 

Cycles.  

 

 The physical processes that influence sedimentary metabolism, sediment reworking and 

geochemical cycles are strongly influenced by the Mississippi River. A study of metabolism 

along the continental shelf indicates that rates of carbon respiration range from 16.2 to 46.6 g C 

m3 yr-1, with the greatest rates found in the nearshore, shallow reaches of the Gulf (< 10m) and 

the lowest rates found in the deepest (20 - 200 m) reach sections of the continent shelf (Benway 

and Coble 2014).  Because sedimentation rates generally decrease with distance from the 

Mississippi River (Corbett, McKee, and Allison 2006), episodic events tend to increase in the 

offshore direction. Likewise, particle size tends to decrease with distance from the Mississippi 

River. Temperature decreases with depth and salinity tends to increase with distance from the 

river. The relationships between temperature, salinity, and turbidity are also influenced by the 

position of the Atchafalaya River plume, which enters the Mississippi River plume ~ 200 km 

downdrift of Southwest Pass. These relationships also have implications for the structure of 

benthic communities, as biodiversity tends to peak at 1,000 to 1,500 m water depth. Furthermore, 

in the deep ocean, chemosynthesis becomes an important energy source, around seeps of 

methane and petroleum.   
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IV. DELTAIC PROCESSES 

 

IV.A. Introduction and Conceptual Model 

 

 This section examines the impact of the Mississippi River Delta and its estuaries on the 

Gulf of Mexico. This section covers the formation of the delta and its estuaries, and how they 

exchange sediments, nutrients, carbon and living organisms with the Gulf of Mexico. These 

processes can be well understood through a conceptual model that is presented in Figure 4-1. 

(Note that this figure does not explain all processes in the Mississippi River Delta, only those 

processes that influence the ways that the delta impacts the Gulf of Mexico, as in keeping with 

the theme of this document.) The conceptual models shows the inputs of fluids, sediments and 

dissolved material to the delta, how nutrients fuel primary and secondary production, and 

pathways by which contaminants can be taken up by nekton. The model as traces how land loss 

in the Mississippi River Delta impacts the Gulf of Mexico, which occurs primarily through the 

export of carbon and nutrients to the Gulf. Finally, the model explains the physical processes and 

ecological processes that drive exchange material and fluids between the delta, its estuaries, and 

the open Gulf of Mexico. As the other conceptual models presented this paper, the time scales 

over which processes occur, and an estimate of the state of our knowledge are presented.   

 

Fig. 3-3. Map of benthic habitats in the Gulf of Mexico. Source: 

https://erma.noaa.gov/layerfiles/33001/files/gom_efhhapc_poster.pdf 
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IV.B. Formation of the Mississippi River Delta 

 

  The Mississippi River Delta, by nature of the continual processes that built and shaped it 

is characterized by constant change. As a result, the processes and interactions between the 

northern Gulf of Mexico, and the spatial 

and temporal scales over which they 

operate, also change. The Mississippi 

River Delta was built over the last 

~7,000-8000 years by sediments drained 

from the Mississippi River’s 3.4 x 106 

km2 drainage basin (Coleman et al. 1998; 

Syvitski and Milliman 2007). The 

sediment was carried to the Gulf of 

Mexico and deposited by the river and its 

distributaries, constructing a series of 

deltaic headlands that pushed into the 

Gulf (Fig. 4-1). Every 1,000 to 1,500 

years the locus of active delta building 

would change, as the main flow of the 

river would shift course. Following 

abandonment by the river, each delta lobe underwent the delta cycle, a succession of events over 

time that include subsidence, landward translation of marsh shoreline, and marine reworking of 

Fig. 4-1 Conceptual model of the influence of the Mississippi River Delta and it’s estuaries 

on the Gulf of Mexico. 

Fig. 4-2. Historical evolution of lobes in the Mississippi River 

Delta complex. Source: Day et al., (2007) and refs therein.  
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delta-front sands into transgressive barrier island arcs and, finally, submerged and shoal features 

(Coleman 1988; Penland et al. 1988). The formation of the Mississippi River Delta occurred at 

the same time as most Holocene delta plains, a time of decelerated sea-level rise (Blum and 

Roberts 2012). 

More recently, the development of the Mississippi River Delta has been characterized by 

an overall trend of wetland loss. Between 1932 and 2016, the Mississippi River Delta (Fig. 4-3), 

which includes the Pontchartrain, Breton Sound, Barataria, Terrebonne, Atchafalaya and Teche-

Vermillion Basins, lost 3,800 km2 of land; a reduction of 25% of the land area that existed in 

1932 (Couvillion et al. 2017). The loss of the Mississippi River Delta can be attributed to a 

combination of natural and anthropogenic drivers, such as subsidence, sea level rise, hurricanes, 

construction of canals, reduced sediment loads due to upstream dams, and the construction of 

levees along the Mississippi River which has almost entirely halted the active phase of the delta 

cycle (Day et al. 2007). 

 

IV.C. Mississippi River Delta Estuaries  

 

  Estuaries form at the mouths of rivers, between the boundary of the sea and the land. 

Typically geologically ephemeral, estuaries undergo near constant alteration by erosion, 

sediment deposition and changes in sea level. While estuaries can take a variety of forms 

worldwide, the largest (by area) estuaries in the Mississippi River Delta are shallow, well mixed 

systems such as Barataria and Terrebonne Bays and Breton Sound, which have areas that are ~ 

5,000 km2 in area, and which have average  depths of ~ 2m (Reed et al. 1995). During low flow 

periods, the mouth of the mainstem of the Mississippi River functions as a salt-wedge (unmixed) 

estuary (Galler and Allison 2008).  The estuaries of the Mississippi River Delta highly 

productive ecosystems; in the Gulf 97% (by weight) and 93% (by value) of the Gulf’s 

commercial and recreational fish species depend on estuaries for at least part of their life-cycle 

(Lellis-Dibble et al. 2008). 

 

IV.D. Magnitude and Spatial Extent of the Mississippi River Delta’s Influence in the Gulf of 

Mexico 

 

 While the mainstem of the Mississippi and Atchafalaya Rivers are the primary pathway 

by which river-derived freshwater is delivered to the Gulf of Mexico, the estuaries of the 

Mississippi River Delta are important sources of freshwater to the Gulf of Mexico. Total 

discharge in individual estuaries is on the order of 1000 m3 s-1 (Das, Justić, and Swenson 2011; 

Z. Feng and Li 2010), though these values can fluctuate substantially with tides, seasons, and 

local rainfall. Patterns of freshwater discharge are influenced by density-dependent circulation 

(i.e. classic estuarine circulation), and by meteorological processes, and particularly cold front-

driven flushing. Strong cold fronts can cause up to 50% of the volume of estuaries (Atchafalaya 

Bay) to be discharged to the shelf (Walker and Hammack 2000), resulting in a discharge of ~ 107 
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to 109 m3 from each 

bay over a period of 

approximately 1 day 

(Z. Feng and Li 2010), 

though some of this 

water is returned 

during the next cold 

front.  

 The impact of 

the Mississippi River 

Delta on the flux of 

sediments, nutrients 

and organic matter to 

the Gulf of Mexico has 

been a matter of 

substantial research, 

with recent studies 

indicating that fluxes 

change with space and time. For some constituents, different research teams have different 

perspectives. 

In the case of sediments, it appears that major embayments like Barataria Bay have 

become net exporters of mineral sediments to the Gulf of Mexico. Research by Fitzgerald and 

colleagues (2004) indicates that land loss in Barataria Bay contributes to a positive feedback loop 

in which land loss increases the tidal prism, which increases sediment export to the Gulf, which 

in turn increases the tidal prism. As a result, some parts of the ebb tidal delta offshore of 

Barataria Bay have accreted by > 10 m since the 1930s (Fitzgerald et al. 2004). However, in 

other areas--most notably the Atchafalaya, Wax Lake, and parts of the Birdsfoot Delta--the 

Mississippi River Delta acts as sink for sediments, preventing river sediments from reaching the 

Gulf (Roberts 1997; Wellner et al. 2006). While no sediment budget exists for the entire coast, 

given the state of land loss across Louisiana (Couvillion et al. 2017), it appears more likely that 

the Mississippi River Delta is more likely a source than a sink for mineral sediments.  

The Mississippi River Delta is likely a source of organic carbon to the continental shelf. 

Primary production in both the estuaries and the wetlands of the delta provide a source of carbon 

to the continental shelf, as do the degradation and erosion of coastal wetlands in the delta. One 

estimate indicates that each meter of shoreline in Barataria Bay exports 0.09MT per year of 

organic carbon, and that each meter of shoreline in Breton Sound exports 0.07 MT per year or 

organic carbon, and that these systems exported 3.7 x 104 and 4.6 x 104 MT respectively between 

1932 and 1990 (C. A. Wilson and Allison 2008). A study of biomarkers and other organic 

compounds on the Louisiana continental shelf indicates that wetlands can contribute between 3.4 

and 31.6% of the organic carbon on the continental shelf, with greater values found during the 

Fig 4-3. Land area change in the Mississippi River Delta 1932-2016, with red, yellow and 

orange colors indicating land loss and green colors indicating land gain. Source: 

Couvillion et al., (2017) 
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spring (high river flow season) than during the autumn (T. S. Bianchi et al. 2011).  However, 

other authors suggest that a substantial fraction of this organic matter could be derived from 

terrestrial sources in the Mississippi River watershed--namely grasslands in the central United 

States (Goñi, Ruttenberg, and Eglinton 1998; Goni, Ruttenberg, and Eglinton 1997). Actively 

developing deltas also serve as a sink for riverine organic carbon, as noted by a recent study from 

the Wax Lake Delta (Shields et al. 2017).  

Many organisms that live in the deltaic estuaries have an ecological distribution that 

substantially exceeds the estuaries themselves, as they use broad reaches of the Gulf, and even 

the open Atlantic Ocean. The Mississippi River Delta provides food and habitat for a large 

number of estuarine-dependent species of fish, including bay anchovy, Atlantic croaker, spot, 

white, brown and pink shrimp, as well as Gulf menhaden, spotted seatrout, red drum, blue crabs 

and flounder (Brown et al. 2013; Lang, Grimes, and Shaw 1994; Chesney and Baltz 2000). That 

Louisiana has the highest commercial fisheries landings in the Gulf of Mexico for most 

estuarine-dependent species speaks to the importance of the estuaries in the Mississippi River 

Delta for the Gulf of Mexico (https://www.st.nmfs.noaa.gov/). The overall impact of estuaries is 

potentially larger--species such as Yellowfin Tuna feed off estuarine-dependent species (and 

those influenced by the Mississippi River), and individuals of this species can be tracked across 

the Gulf of Mexico and the Atlantic Ocean (Lang, Grimes, and Shaw 1994). The Mississippi 

River and its delta can potentially act as a barrier to dispersal for Blue Crabs, potentially leading 

to different genetic populations across the northern Gulf. However, this barrier is governed by a 

number of physical/ecological interactions, including the salinity of the water, circulation 

patterns and the local geomorphology (Yednock and Neigel 2014; Jones et al. 2015; Grey et al. 

2015).   

Physical exchange between the deltaic estuaries and the Gulf of Mexico is governed by a 

number of fluvial/deltaic processes. The flow of river water through wetlands and estuaries, 

while substantially restricted over the past ~ 150 years, still occurs to a large extent through 

deltas of the Atchafalaya and Mississippi Rivers; and to a lesser extent through exchange 

between other channels, such as the Gulf Intracoastal Waterway (Day et al. 2007; Swarzenski 

2003). Exchange is also strongly influenced by wind-driven events, and particularly the cold 

front cycle, which forces water on and offshore (Roberts et al. 2015; Z. Feng and Li 2010). 

Wind-driven forcings can substantially increase exchange of particulate matter, either through 

contributing to wave erosion of coastal wetlands, or by resuspending sediments from the seafloor 

(Roberts et al. 2015). Additional physical forcings occur through tidal exchange, though this is 

limited relative to many other coastal systems, given the relatively small tidal range in the 

Mississippi River Delta (~ 30 cm) and the diurnal nature of the tide (tidesandcurrents.noaa.gov).  

 Exchange between the delta and the Gulf also occurs through biota as nekton and 

plankton move between the estuaries and the Gulf of Mexico. The Gulf, the deltaic estuaries, and 

the marshes of the Mississippi River Delta are all used by various organisms for spawning, 

habitat, growth, and feeding. While the nursery function of the deltaic estuaries seems evident, 

marsh loss has not been associated with declines in fisheries production (Browder, Bartley, and 
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Davis 1985; Lewis et al. 2016).  While it was often thought that marsh edge rather than area was 

a primary factor governing nekton/marsh interaction--and that therefore a positive correlation 

between marsh area and fisheries productivity, including a decline in fisheries productivity with 

marsh loss, has not been found (Browder, Bartley, and Davis 1985), recent geospatial research 

has indicated that a correlation between marsh edge length and fisheries productivity is equally 

elusive  (Lewis et al. 2016). A more likely explanation for the resilience in fisheries production 

in the face of marsh loss (area and edge), is the estuarine-like conditions on the continental shelf 

during high Mississippi River flow (Cowan, Grimes, and Shaw 2008).   

 

V. HUMAN INFLUENCE 

 

V.A. Introduction and Conceptual Model 

 

This section examines how humans have influenced the ways that the Mississippi River and its 

delta impact the Gulf of Mexico. Human impacts to both have been widespread, and taken 

together, these are two of the most human-impacted aquatic systems in the nation. In keeping 

with the theme of this paper, this section only concerned with human impacts that influence the 

way that the river and its delta influence the Gulf, which can be well understood through the 

conceptual model that is presented in Figure 5-1. This figure lays out the drivers of human 

impacts, the ecological pressures that these drivers exert, and their overall impact. Many drivers 

are associated with hydrological changes (levees, canals, dams), and chemical changes 

(agriculture runoff); pressures are associated with hydrological responses (changes in river 

outlets), geochemical responses (changes in nutrient loadings, salt water intrusion), geological 

responses (subsidence, sea level rise, climate change) and extraction (oil and gas, sediment, 

fishing and hunting). Many of the impacts are results of ecosystem change (wetland loss, flood 

control, hypoxia, and changes in fisheries production). As above, the frequency of occurrence 

and the state of the knowledge are summarized as well.  
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V.B. Human Impacts on the Mississippi River 

 

Human impacts to the 

Mississippi River system range 

from the watershed impacts to 

the ocean, through river 

channel, and into the delta. 

Watershed impacts includes the 

construction of dams and locks, 

along with agricultural 

practices that reduce the flow 

of sediment, all of which have 

reduced sediment loads in the 

river by about 50% since the 

1800s (Meade and Moody 

2010).  However, sediment 

loads during the 19th century 

may have been abnormally 

high, a result of land clearing 

by European-Americans that led to enhanced erosion (Tweel and Turner 2012). The decline in 

sediment loads reduces the material available for marsh sustenance and growth, thereby 

contributing to the multi-stressor problem of land loss (Day et al. 2007), and reduces the amount 

of sediment that could be delivered to the ocean.  

Fig. 5-2. Distribution of port facilities in southern Louisiana.  
Image Source: http://www.worldportsource.com/ports/USA_LA.php 

Fig. 5-1. Conceptual model of the impacts of humans in river and delta processes that impact the Gulf of Mexico. 
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The flow of water from the drainage basin to the Mississippi River itself is regulated by 

dams, which can be used to moderate flood pulses. Indeed, the timing of the spring flood is 

governed partially by decisions by various water management agencies to store and release water 

in dams. Of particular importance are decisions made by the Tennessee Valley Authority, which 

manages the Tennessee River, the largest tributary of the Ohio River, which, in turn, is the 

largest tributary of the Mississippi River (https://www.tva.gov/Environment/Flood-

Management). Floods pulses in the Tennessee River can be controlled so that they come after 

flood pulses in the mainstem--which is done to reduce flooding concerns in the lower Mississippi 

River.  

Another major control on the impacts of the Mississippi River system on the Gulf of 

Mexico stems from agriculture in the watershed. Levels of nitrogen-based fertilizer increased 

exponentially during the mid-20th century, and have remained elevated since then (N. N. 

Rabalais, Turner, and Wiseman 2002; Turner et al. 2007), though the total discharge in 

individual years varies, often as a function of river discharge (Turner et al. 2007). As described 

in Section II.E. and Figures 2-1 and 2-7, these nutrients fuel large plankton blooms on the 

continental shelf; when the blooms die, the subsequent consumption of organic matter fuels 

hypoxia (N. N. Rabalais, Turner, and Wiseman 2002; T. S. Bianchi et al. 2010).  

The primary source of nitrate to the Gulf of Mexico is agriculture in the upper 

Mississippi River, which account for about 51% of total nitrate loading, despite the fact that this 

system only accounts for about 22% of the total water discharge (Fig. 5-4). The Ohio River, the 

largest (41%) source of water to the lower Mississippi River, only accounts for 21% of total 

nitrate loadings (Alexander, Wilson, and Green 2012). In addition to nitrate loadings, carbon 

loads from the Mississippi River to the Atchafalaya River have also been increasing over time. 

There are long-term trends in both the amount of carbon being transported by the Mississippi 

River and the dissolved inorganic carbon (DIC) loads of the Mississippi River (Raymond et al. 

2008; Sampere, Bianchi, and Allison 2011). There are strong signals in contaminant fluxes to the  

Gulf from the Mississippi River, including historical pesticides used agriculturally, (DDT, 

Chlordane, Lindane ect.), as well as industrial byproducts such PCBs, dioxins/furans, petroleum, 

PBDE, anthropogenically used metals (e.g. Fe, Mn, Cu- Shiller 1997), and trace elements. 

The fluxes of water, sediment, nutrients and carbon, and other dissolved constituents are 

dependent on human activities on a range of scales and processes. For example, nitrogen loads in 

the river are partially a function of decisions made by farmers in this watershed--which are 

governed by a suite of economic and environmental considerations (Alexander, Wilson, and 

Green 2012; Mitsch et al. 2001). The flux of nitrogen to the coastal zone (particularly during the 

spring flood, which is a major control on hypoxia) is also governed by climatic and 

meteorological processes, which are under a degree of human control. Modeling studies have 

also highlighted the effects of both human activity and climate-related processes on the export of 

various forms of carbon through the river system (Tian et al., 2015; Ren et al., 2015, 2016).  

Many of the impacts to the lowermost Mississippi River were either to provide flood 

protection, or to support navigation and the maintenance of one of the largest port complexes on 
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earth (Figs. 5-2, 5-3).  The channelization of the Mississippi River both greatly reduced 

exchange with the delta and increased the concentration of river water discharging to the Gulf 

(Alexander, Wilson, and Green 2012).  Under the current configuration of the Mississippi River 

and Tributaries system, under non-flood conditions, > 95% of the water leaves the delta in the 

lower ~ 75 km of the river, and ~ 33% of the flow of the Mississippi River downstream of 

Tarbert Landing is discharged to the open ocean via Southwest Pass and South Pass (Allison et 

al. 2012). This creates a concentrated plume of freshwater in the open reaches of the Gulf of 

Mexico, and the Barataria Bight. While more research on historical conditions is necessary, this 

physical structure likely impacts the severity of the hypoxic zone along the Louisiana/Texas 

shelf (Zhao et al. 2012).  The reduction of Mississippi River through its wetlands reduces the 

“filtering” of sediments, nutrients and contaminants from river water (Sampere, Bianchi, and 

Allison 2011; Thomas S. Bianchi and Allison 2009). Humans have also constrained the flow 

distribution between the Mississippi and Atchafalaya Rivers by building the Old River Control 

Structure. This system shunts a discharge equivalent to 70% of the combined flow of the 

Mississippi and Red Rivers down the mainstem of the Mississippi River and 30% of that flow 

down the Atchafalaya River. This constrains the amount of water that enters into the deepwater 

(i.e. the Mississippi side) and the amount of water that enters a shallow shelf (e.g. the 

Atchafalaya side), thus influencing the river’s impact on the water column and the benthos (e.g. 

Figs. 2-1, 3-1).   

 

V.C. Direct Human Impacts to the Delta 

 

Humans have also had 

a large number of impacts on 

the Mississippi River Delta 

and the way that it interacts 

with the Gulf of Mexico. 

These impacts include the 

construction of canals, 

intensive extraction of 

hydrocarbon, salt and other 

compounds from the 

subsurface, and the 

inducement of subsidence 

which results from fluid 

withdrawal and induced degradation of peat (Day et al. 2007; Turner 1997; Alexander S. Kolker, 

Allison, and Hameed 2011). These impacts, along with a suite of other factors, (reductions in 

sediment supply, naturally high rates of subsidence, hurricanes, oil spills and climate change) 

have resulted in massive land loss across the region (Couvillion et al. 2017; Day et al. 2007). 

While this land loss has numerous implications, this study considers those changes that affect the 

Fig. 5-3. Location of key port complexes around the City of New Orleans, and 

along the lower Mississippi River.  
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influence of the delta on the Gulf of Mexico, which include loss of habitat for estuarine-

dependent species, and increased carbon export to the Gulf.  

 

V.D. Impacts Climate Change has had on the River System  

 

Climate change stands out as another major human 

impact to coastal Louisiana. Known impacts of climate change 

that have occurred to date include an acceleration in the rate of 

global sea level rise from about 1.8 mm yr-1 during the 19th and 

much of the 20th century to about 3.1 mm yr-1 starting in the 

1990s, with current rates possibly as high as 3.3 mm yr-1 or 

more (Merrifield, Merrifield, and Mitchum 2009; Church and 

White 2006; Wuebbles et al. 2017). This rise in global sea 

levels contributes to wetland loss (Day et al. 2007), which 

results in a loss of ecological function as described in sections 

IV.D. and Figures 4-1 and 5-1.  The rise in global sea levels 

may also be contributing to the changed distribution of flow at 

the outlets of the Mississippi River (G. P. Kemp, Day, and 

Freeman 2014).  Other climate change impacts relevant to this 

analysis include an increased intensity of major hurricanes 

(Trenberth and Fasullo 2008, 2007), which could also 

accelerate wetland loss.  Global warming may be increasing ocean temperatures which could 

increase the intensity of bottom water hypoxia (Turner, Rabalais, and Justić 2017). Additionally, 

warmer temperatures may be shifting ocean circulation patterns that adversely impact Gulf of 

Mexico fisheries (Karnauskas et al. 2015).  

 

V.E. Human Impacts to the River and Delta That Have Impacted Economically Important 

Fish and Fish Landings 

 

 Human impacts to the Mississippi River and its delta have had important impacts on the 

distribution and abundance of numerous economically and ecologically important species. The 

most prominent impacts are the prevalence of the seasonal hypoxic zone along the northern Gulf 

Coast, the widespread land loss that has occurred in Louisiana, and overfishing (N. N. Rabalais, 

Turner, and Wiseman 2002; Chesney and Baltz 2000).  Oil spills are another human-induced 

impact on the Gulf of Mexico. While oil spills are relatively frequent events in the Gulf of 

Mexico, the Deepwater Horizon Oil Spill in April 2010 was among the most significant because 

it was the single largest marine oil spill on record releasing over 4 million barrels of oil into the 

Gulf for a period of over 85 days (Colwell 2014). While it is not the intention of this review to 

examine all of the impacts of this spill on either the Mississippi River Delta or the Gulf of 

Mexico, as those have been discussed at length elsewhere (Colwell 2014; Nixon et al. 2016; C. 

Fig.5-4. Sources of nitrate and water, 

by percent, to the lower MR from its’ 

tributaries. Source: Alexander et al., 

(2012). 
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R. Fisher, Montagna, and Sutton 2016; Rangoonwala, Jones, and Ramsey 2016), basic issues 

need to be addressed as they pertain to the way that the delta impacts the Gulf. The primary 

relevant impacts occurred through the oiling of nearly 1055 km of wetlands and 293 km of 

beaches in Louisiana--most in the Mississippi River Delta (Nixon et al. 2016). This oiling led to 

reductions in plant function, and in many cases to wetland loss (Hester et al. 2016). This wetland 

loss resulted in similar loss of ecological function as other forms of wetland loss, such as the loss 

of important habitat for estuarine-dependent species. The direct toxicity of oil was problematic as 

well for indicator species such as Gulf killifish - aka Fundulus grandis (Whitehead et al. 2011), 

though some species, like white and brown shrimp appeared to be largely unimpacted (van der 

Ham and de Mutsert 2014). A more comprehensive understanding of the impacts of this spill on 

the ecology of the Gulf can be found in other references (e.g Colwell 2014; Fisher et al. 2016; 

Nixon et al. 2016; Rangoonwala et al. 2016).  

 

V.F. Impacts of the Mississippi River and its Delta on the People Who Live Here, and the 

Impacts of These People on the Landscape  

 

  The Mississippi River and its delta also has a major impact on the people who live in the 

region, and the ways that they impact the Gulf of Mexico. Indeed, much of the economy of South 

Louisiana depends on the water. The Mississippi River provides a transportation means by which 

goods are delivered from the other continents to North America via the world’s oceans. Ports 

along the Mississippi River, including the Port of New Orleans, the Port of South Louisiana, as 

well as other facilities along the river’s mouth, constitute the one of the world’s largest port 

complexes.  

Both the river and the delta provide food and habitat to support one of the largest 

commercial fisheries in the United States. While not without some stock management problems, 

these fisheries are among the most stable fisheries in the continental United States. The estuaries 

of the Mississippi River Delta are also used by recreational fishers, and by recreational birders. 

One study found that in Louisiana that wildlife-related activities had an economic impact of 

$6.75 billion, within $1.71 billion attributed to recreational fishing, $2.4 billion attributed to 

commercial fishing, $1.3 billion attributed to recreational boating, $975 attributed to hunting 

$517 million attributed to wildlife viewing, photographing and feedings, with additional 

contributions from  smaller activities such as reptile and amphibian harvesting (LADWF 2008).  

While these numbers are statewide, a large (if not the largest) fraction of each category take 

place in the Mississippi River Delta or its associated environments (LADWF 2008).    

The Mississippi River Delta serves as a major hub of oil and gas activity. There are 

extensive oil and gas mining facilities in the northern Gulf of Mexico (Fig. 5-5). Large volumes 

of imported oil are delivered to the United States from abroad through complexes in this region. 

The largest of these complexes is the Louisiana Offshore Oil Port (LOOP), which imports ~ 10% 

of the nation’s oil. Finally, the region is home to many oil refineries, which process oil that is 

mined locally, imported from ships abroad, as well as transported from other regions of the 
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United States and North America.  

 While the Gulf of Mexico is a 

source of revenue and economic activity 

for some, it also holds the potential to be 

a source of economic and personal 

destruction. Hurricane-initiated flooding 

is one of the most powerful drivers of 

economic problems in the Gulf Coast. 

The destruction of large areas of 

metropolitan New Orleans and the 

Mississippi Gulf Coast during Hurricane 

Katrina killed nearly 1,800 people and 

caused $80-$150 billion in economic 

damages (in 2005 dollars). The impacts 

of hurricanes have likely become more 

destructive as land loss has reduced the 

size of the coastal buffer.   

  

VI. FUTURE CHANGES 

 

VI.A. Introduction 

 

This section examines what is known about future impacts to the ways that the 

Mississippi River and its delta influence the oceanography, ecology and economy of the Gulf of 

Mexico. While future projects inherently involve a level of uncertainty, this section largely 

focuses on future changes that are considered likely to occur. As such, this section focuses on 

predicted changes that have been published in the technical and peer-reviewed literature, and 

future changes that are likely to occur given management plans that have been endorsed by state, 

local and federal governments.   

 

VI.B. Climate Change and Relative Sea-Level Rise 

 

 It is known that climate change could have a major impact on several of the ways that the 

Mississippi River and its delta influence the oceanography, ecology and economy of the Gulf of 

Mexico. An acceleration in the rate of global sea level rise is among the most prominent climate 

change attributes that could impact the Mississippi River and its delta (Wuebbles et al. 2017; 

Sweet et al. 2016). Current projections indicate that there will likely be 1 m of global sea level 

rise by 2100, with the possibility of up to 2 m or more in extreme cases (Sweet et al. 2016). The 

State of Louisiana’s Coastal Master Plan projects that, with both global sea level rise, and 

subsidence that about 0.8 to 2.8 meters of total relative sea level rise could occur by 2067 

Fig. 5-5. Location of oil platforms in the US Gulf of Mexico waters. 

Data Source: boem.gov. 
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(LACPRA 2017).  These high rates of relative sea-level rise could contribute to at least 4,500 

km2 of land loss by 2065 if no action is taken (LACPRA 2017). Even if large-scale restoration 

takes place in the manner envisioned by the state’s coastal Master Plan, over 2,400 km2 of net 

land loss would occur by 2065. This land loss has several implications for the topic at hand: it 

could reduce the availability of habitat for some estuarine-dependent species; it could increase 

the habitat for species that prefer more marine-like conditions; it could result in the re-emission 

export of carbon and material as marshes degrade and sediment eroded; it could allow storm 

surges to propagate further inland; finally,  it can impact the outfall locations of Mississippi 

River system distributaries, impacting critical infrastructure and communities. Other likely 

known major climate change impacts include an increase in either the frequency and/or intensity 

of tropical cyclones (Trenberth and Fasullo 2008; Wuebbles et al. 2017), an increase in 

precipitation, and an increase in regional temperatures. 

Global sea level rise, when 

coupled with subsidence, may also 

lead to a shift in the location of the 

Mississippi River depocenter, and the 

outfall channels of the Mississippi 

River- resulting in a upstream shift of 

this discharge point of the Mississippi 

River (G. P. Kemp, Day, and Freeman 

2014; G. Kemp et al. 2016). This could 

alter the dynamics of the river plume and 

the ecological communities it influences. Such disruptions could lead to change in the location of 

infrastructure, but the human response to broad scale changes in the location of lower 

Mississippi River distributions is at present difficult to predict. 

The impacts of climate change on river discharge remains less well known, as current 

data indicate no major impacts to the annual average discharge of the Mississippi River (Meade 

and Moody 2010),  despite climate changes that have occurred here in the past several decades 

(Fig. 6-1). This assertion does not mean that there are no climate related impacts that have 

occurred in the Mississippi River watershed; indeed, there have been pronounced floods and 

droughts that have been linked to climate change. Instead, the finding of no major impacts to the 

annual average discharge of the Mississippi River suggests that, over annual time scales and 

greater, floods and droughts in the drainage basin have been roughly in balance, resulting in little 

overall change in the annual discharge of the river. Projections of climate change using a suite of 

global climate models indicate a roughly 6% decrease in mean river flow by the end of the 21st 

century (van Vliet et al. 2013). 

 This does lead to the potential for a shift in the way that the Mississippi River impacts 

the Gulf of Mexico- for example, that there may be more extreme droughts or floods--and the 

occurrence of a historic flood in 2011 which was followed by a historic drought in 2012 is 

potentially evidence of this occurring. Changes in hurricane climatology could impact mixing 

Fig. 6-1: Annual average discharge of the Mississippi River. 

Source: Meade and Moody, 2010. 
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dynamics in the Gulf of Mexico, though the resolution of many global climate models is not yet 

fine enough to resolve this (Wuebbles et al. 2017).   

 

VI.C. Coastal Restoration as a Driver of Change 

 

 The implementation of Louisiana's Coastal Master plan stands out as another major 

change that is likely to occur in the Mississippi River Delta region (LACPRA 2017). This plan 

aims to both rebuild wetlands, barrier islands and other natural features while also building large 

structural protections such as levees and flood walls, while also strengthening resiliency through 

non-structural adaptations such as home elevations, flood proofing, and targeted buy-outs. The 

plan involves numerous restoration and protection tactics.   

 The controlled diversion of large amounts (up to 1,500 m3 s-1) of river water into 

subsiding and eroding embayments to rebuild land is a particularly important change (LACPRA 

2017; Paola et al. 2011; A. S. Kolker, Miner, and Weathers 2012). The diversion of river water 

could lead to a more dispersed and diffuse plume, as river water will enter the Gulf in additional 

exits (Das et al. 2012; Das, Justić, and Swenson 2011). As river water flows through coastal 

wetlands, there is the potential for the removal of sediments, nitrogen, and other suspended and 

dissolved constituents (Henry and Twilley 2013). The removal of nitrogen in particular could 

reduce the impacts of the size of the hypoxic zone on the continental shelf. However, the 

increased diversion of nutrient-laden freshwater in coastal embayments could cause inshore 

hypoxia (Das, Justić, and Swenson 2011). Modeling studies indicate that these diversions are 

likely to cause some reductions in fish biomass relative to a future without action, but that these 

reductions are largely localized, and that relatively little overall change is realized delta wide (de 

Mutsert et al. 2017).  Additional impacts from Louisiana’s Master Plan can include direct marsh 

creation, which could lead to habitat creation for many estuarine-dependent fish, and the 

construction of storm-surge levees which could focus flood waters (LACPRA 2017). 

 

VI.D. Societal Impacts 

 

 Over the long-term, there could be numerous societal changes to the way that the 

Mississippi River and its delta interact with the Gulf of Mexico. While such changes are largely 

speculative at this point, given the pronounced changes that could occur, they are worth 

mentioning. Long-term changes to the stability of the Mississippi River channel could impact 

navigation and shipping. Given that the Mississippi River is the largest (by tonnage) pathway for 

waterborne commerce in the nation, as are ports along the lower river, changes to shipping 

would substantially shift the impacts of the river and the delta on global oceanic shipping. 

Furthermore, changes to the physical stability of the delta could have a long-term impact on the 

infrastructure that governs the offshore oil and gas industry. Widespread land loss and flooding 

could lead to the relocation of over 500,000 people in Louisiana’s coastal zone (Hauer 2017). 

Given that many of these people impact the Gulf of Mexico through their work in fishing, 
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navigation and the offshore energy industry, such relocations could have a widespread impact on 

the Gulf of Mexico region.   

 

VII. CONCLUSION 

 

This manuscript has examined the multitude of ways that the Mississippi River and its 

delta impact the oceanography, ecology and economy of the Gulf of Mexico.  Results from the 

published literature indicate that the Mississippi River system is the largest source of freshwater, 

nutrients and sediments to the Gulf of Mexico, and as such, is one of the most important features 

to understand in this large marine ecosystem. The freshwater plume from the Mississippi River 

extends over an area of 10,000 - 35,000 km2, and often covers much of the Northern Gulf of 

Mexico, from Matagorda Bay to Mobile Bay. Dynamical processes, however, are critically 

important for transporting and mixing this plume across the Gulf of Mexico. The Mississippi 

River plume is responsible for delivering large quantities of nutrients to the Northern Gulf of 

Mexico, which, when taken together and in contribution with dynamical processes in the Gulf of 

Mexico, contribute to the development of a large seasonal hypoxic layer. The Mississippi River 

plume also contributes to the structure of the seafloor in the Gulf of Mexico, by adding sediment, 

contaminants, and organic detritus to benthic ecological communities. 

The delta of the Mississippi River and its estuaries substantially contribute to the Gulf of 

Mexico. They provide an important source of freshwater though over an order of magnitude less 

than the river itself. The wetland and shallow reaches of the Mississippi River Delta provide 

important habitat and food for numerous economically and ecologically important species. 

However, many wetlands of the Mississippi River Delta are in a state of erosion and loss. This 

loss provides a locally important source of sediments and carbon to the Gulf of Mexico.  

Human actions over the past century have played an important role in structuring the 

ways that the Mississippi River and its delta impact the Gulf of Mexico. These actions have 

occurred from the far reaches of the watershed to the global ocean. In the watershed, numerous 

dams have been constructed that regulate the flow of water and reduce the flow of sediment to 

the ocean, as the expansion of agriculture has increased the flow of nutrients to the ocean. Levees 

constructed along the Mississippi River constrain and focus the flow of water, while also 

contributing the development of navigation. Numerous actions in the delta have contributed to 

land loss, which as mentioned above, provides locally significant amounts of sediments and 

carbon to the Gulf of Mexico. 

In the decades ahead, the impacts of the Mississippi River and its delta on the Gulf of 

Mexico are likely to continue to change. Climate change, in combination with high rates of 

subsidence, will likely contribute to high rates of relative sea-level rise in the region which could 

further accelerate wetland loss and potentially shift the outlets of the Mississippi River 

northward. Furthermore, the State of Louisiana Coastal Master Plan proposes to partially divert 

the flow of the Mississippi River northward, potentially altering the river-influenced regions of 

the Gulf of Mexico accordingly. These changes, when coupled with the large amount of other 
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restoration projects that are proposed or being implemented, point to the need for a 

comprehensive research and monitoring program across the region that builds on existing 

research platforms and which recognizes the substantial advances that have been made in the 

region over the past 5-7 decades.    



 

 

34 

VIII. WORKS CITED 

Alexander, J. S., R. C. Wilson, and W. R. Green. 2012. “A Brief History and Summary of the 

Effects of River Engineering and Dams on the Mississippi River System and Delta.” 

Circular 1375. US Geological Survey. 

Allison, Mead A., Charles R. Demas, Bruce A. Ebersole, Barbara A. Kleiss, Charles D. Little, 

Ehab A. Meselhe, Nancy J. Powell, Thad C. Pratt, and Brian M. Vosburg. 2012. “A Water 

and Sediment Budget for the Lower Mississippi–Atchafalaya River in Flood Years 2008–

2010: Implications for Sediment Discharge to the Oceans and Coastal Restoration in 

Louisiana.” Journal of Hydrology 432–433 (April): 84–97. 

Allison, Mead A., and Ehab A. Meselhe. 2010. “The Use of Large Water and Sediment 

Diversions in the Lower Mississippi River (Louisiana) for Coastal Restoration.” Journal of 

Hydrology 387 (3–4): 346–60. 

Anderson, D. M., P. M. Glibert, and J. M. Burkholder. 2002. “Harmful Algal Blooms and 

Eutrophication: Nutrient Sources, Composition, and Consequences.” Estuaries and Coasts 

25 (4): 704–26. 

Androulidakis, Yannis S., Vassiliki H. Kourafalou, and Rafael V. Schiller. 2015. “Process 

Studies on the Evolution of the Mississippi River Plume: Impact of Topography, Wind and 

Discharge Conditions.” Continental Shelf Research 107 (September): 33–49. 

Baguley, J. G., P. A. Montagna, L. J. Hyde, R. D. Kalke, and G. T. Rowe. 2006. “Metazoan 

Meiofauna Abundance in Relation to Environmental Variables in the Northern Gulf of 

Mexico Deepsea.” Deep-Sea Research I 53: 1344–62. 

Benway, H. M., and P. G. Coble. 2014. “Report of The U.S. Gulf of Mexico Carbon Cycle 

Synthesis Workshop, March 27-28, 2013.” Ocean Carbon and Biogeochemistry Program 

and North American Carbon Program. 

Bernhard, J. M., B. K. Sen Gupta, and J. Baguley. 2008. “Benthic Foraminifera Living in Gulf of 

Mexico Bathyal and Abyssal Sediments: Community Analysis and Comparison to 

Metazoan Meiofaunal Biomass and Density.” Deep-Sea Research II 55: 2617–26. 

Bianchi, Thomas S., and Mead A. Allison. 2009. “Large-River Delta-Front Estuaries as Natural 

Recorders’' of Global Environmental Change.” Proceedings of the National Academy of 

Sciences 106 (20): 8085–92. 

Bianchi, T. S., S. F. DiMarco, J. H. Cowan Jr, R. D. Hetland, P. Chapman, J. W. Day, and M. A. 

Allison. 2010. “The Science of Hypoxia in the Northern Gulf of Mexico: A Review.” The 

Science of the Total Environment 408 (7): 1471–84. 

Bianchi, T. S., L. A. Wysocki, K. M. Schreiner, T. R. Filley, D. R. Corbett, and A. S. Kolker. 

2011. “Sources of Terrestrial Organic Carbon in the Mississippi Plume Region: Evidence 

for the Importance of Coastal Marsh Inputs.” Aquatic Geochemistry 17 (4-5). Springer 

Netherlands: 431–56. 

Browder, J. A., H. A. Bartley, and K. S. Davis. 1985. “A Probabilistic Model of the Relationship 

between Marshland–water Interface and Marsh Disintegration.” Ecological Modelling 29: 

245–60. 

Brown, H., T. J. Minello, G. A. Matthews, M. Fisher, E. J. Anderson, R. Reidel, and D. L. 

Leffler. 2013. “Nekton from Fishery-Independent Trawl Samples in Estuaries of the US 

Gulf of Mexico: A Comparative Assessment of Gulf Estuarine System (CAGES).” NOAA 

Technical Memorandum NMFS-SEFSC-647. National Oceanographic and Atmosphereic 

Administration. 

http://paperpile.com/b/cVstcY/rXabo
http://paperpile.com/b/cVstcY/rXabo
http://paperpile.com/b/cVstcY/rXabo
http://paperpile.com/b/cVstcY/ISctZ
http://paperpile.com/b/cVstcY/ISctZ
http://paperpile.com/b/cVstcY/ISctZ
http://paperpile.com/b/cVstcY/ISctZ
http://paperpile.com/b/cVstcY/ISctZ
http://paperpile.com/b/cVstcY/ISctZ
http://paperpile.com/b/cVstcY/ISctZ
http://paperpile.com/b/cVstcY/CN08o
http://paperpile.com/b/cVstcY/CN08o
http://paperpile.com/b/cVstcY/CN08o
http://paperpile.com/b/cVstcY/CN08o
http://paperpile.com/b/cVstcY/CN08o
http://paperpile.com/b/cVstcY/U27bs
http://paperpile.com/b/cVstcY/U27bs
http://paperpile.com/b/cVstcY/U27bs
http://paperpile.com/b/cVstcY/U27bs
http://paperpile.com/b/cVstcY/U27bs
http://paperpile.com/b/cVstcY/vCkA6
http://paperpile.com/b/cVstcY/vCkA6
http://paperpile.com/b/cVstcY/vCkA6
http://paperpile.com/b/cVstcY/vCkA6
http://paperpile.com/b/cVstcY/vCkA6
http://paperpile.com/b/cVstcY/s91k8
http://paperpile.com/b/cVstcY/s91k8
http://paperpile.com/b/cVstcY/s91k8
http://paperpile.com/b/cVstcY/s91k8
http://paperpile.com/b/cVstcY/s91k8
http://paperpile.com/b/cVstcY/ypYZf
http://paperpile.com/b/cVstcY/ypYZf
http://paperpile.com/b/cVstcY/ypYZf
http://paperpile.com/b/cVstcY/S05bm
http://paperpile.com/b/cVstcY/S05bm
http://paperpile.com/b/cVstcY/S05bm
http://paperpile.com/b/cVstcY/S05bm
http://paperpile.com/b/cVstcY/S05bm
http://paperpile.com/b/cVstcY/WaEYm
http://paperpile.com/b/cVstcY/WaEYm
http://paperpile.com/b/cVstcY/WaEYm
http://paperpile.com/b/cVstcY/WaEYm
http://paperpile.com/b/cVstcY/WaEYm
http://paperpile.com/b/cVstcY/ZGTh3
http://paperpile.com/b/cVstcY/ZGTh3
http://paperpile.com/b/cVstcY/ZGTh3
http://paperpile.com/b/cVstcY/ZGTh3
http://paperpile.com/b/cVstcY/ZGTh3
http://paperpile.com/b/cVstcY/iaQys
http://paperpile.com/b/cVstcY/iaQys
http://paperpile.com/b/cVstcY/iaQys
http://paperpile.com/b/cVstcY/iaQys
http://paperpile.com/b/cVstcY/iaQys
http://paperpile.com/b/cVstcY/iaQys
http://paperpile.com/b/cVstcY/LUG4P
http://paperpile.com/b/cVstcY/LUG4P
http://paperpile.com/b/cVstcY/LUG4P
http://paperpile.com/b/cVstcY/LUG4P
http://paperpile.com/b/cVstcY/LUG4P
http://paperpile.com/b/cVstcY/Stgue
http://paperpile.com/b/cVstcY/Stgue
http://paperpile.com/b/cVstcY/Stgue
http://paperpile.com/b/cVstcY/Stgue
http://paperpile.com/b/cVstcY/Stgue


 

 

35 

Chesney, E. J., and D. M. Baltz. 2000. “Louisiana Estuarine and Coastal Fisheries and Habitats: 

Perspectives from a Fish’s Eye View.” Ecological Applications: A Publication of the 

Ecological Society of America 10: 350–66. 

Church, John A., and Neil J. White. 2006. “A 20th Century Acceleration in Global Sea-Level 

Rise.” Geophysical Research Letters 33 (1): L01602. 

Colwell, R. 2014. “Understanding the Effects of the Deepwater Horizon Oil Spill.” Bioscience 

64 (1): 755. 

Corbett, D. R., B. A. McKee, and M. A. Allison. 2006. “Nature of Decadal-Scale Sediment 

Accumulation on the Western Shelf of the Mississippi River Delta.” Continental Shelf 

Research 26 (17–18): 2125–40. 

Cordes, Erik E., Derk C. Bergquist, and Charles R. Fisher. 2009. “Macro-Ecology of Gulf of 

Mexico Cold Seeps.” Annual Review of Marine Science 1 (1). Annual Reviews: 143–68. 

Couvillion, B. R., H. Beck, D. Schoolmaster, and M. Fischer. 2017. “Land Area Change in 

Coastal Louisiana (1932 to 2016).” Scientific Investigations Map 3381. US Geological 

Survey. 

Cowan, J. H., C. B. Grimes, and R. F. Shaw. 2008. “Life History, Hysteresis, and Habitat 

Changes in Louisiana’s Coastal Ecosystem.” Bulletin of Marine Science 83 (1): 197–215. 

Dagg, Michael J., James W. Ammerman, Rainer M. W. Amon, Wayne S. Gardner, Rebecca E. 

Green, and Steven E. Lohrenz. 2007. “A Review of Water Column Processes Influencing 

Hypoxia in the Northern Gulf of Mexico.” Estuaries and Coasts 30 (5): 735–52. 

Dagg, M. J., and G. A. Breed. 2003. “Biological Effects of Mississippi River Nitrogen on the 

Northern Gulf of Mexico—a Review and Synthesis.” Journal of Marine Systems 43: 133–

52. 

Das, Anindita, Dubravko Justic, Masamichi Inoue, Asif Hoda, Haosheng Huang, and Dongho 

Park. 2012. “Impacts of Mississippi River Diversions on Salinity Gradients in a Deltaic 

Louisiana Estuary: Ecological and Management Implications.” Estuarine, Coastal and Shelf 

Science 111 (October): 17–26. 

Das, Anindita, Dubravko Justić, and Erick Swenson. 2011. “Modeling Estuarine-Shelf 

Exchanges in a Deltaic Estuary: Implications for Coastal Carbon Budgets and Hypoxia.” 

Ecological Modelling 221 (7): 978–85. 

Day, J. W., D. F. Boesch, E. J. Clairain, G. P. Kemp, S. B. Laska, W. J. Mitsch, K. Orth, et al. 

2007. “Restoration of the Mississippi Delta: Lessons from Hurricanes Katrina and Rita.” 

Science 315 (5819): 1679–84. 

Deming, J. W., and S. D. Carpenter. 2008. “Factors Influencing Benthic Bacterial Abundance, 

Biomass, and Activity on the Northern Continental Margin and Deep Basin of the Gulf of 

Mexico.” Deep-Sea Research. Part II, Topical Studies in Oceanography 55 (24): 2597–

2606. 

De Mutsert, Kim, Jeroen Steenbeek, Kristy Lewis, Joe Buszowski, James H. Cowan Jr., and 

Villy Christensen. 2016. “Exploring Effects of Hypoxia on Fish and Fisheries in the 

Northern Gulf of Mexico Using a Dynamic Spatially Explicit Ecosystem Model.” 

Ecological Modelling 331 (July): 142–50. 

DiMarco, S. F., J. Strauss, N. May, R. L. Mullins-Perry, E. L. Grossman, and D. ’. Shormann. 

2012. “Texas Coastal Hypoxia Linked to Brazos River Discharge as Revealed by Oxygen 

Isotopes.” Aquatic Geochemistry 18: 159–81. 

Dunn, D. D. 1996. “Trends in Nutrient Inflows to the Gulf of Mexico from Streams Draining the 

Conterminous United States, 1972-93.” 96-4113. USGS Water-Resoures Investigation. 

http://paperpile.com/b/cVstcY/zFZw5
http://paperpile.com/b/cVstcY/zFZw5
http://paperpile.com/b/cVstcY/zFZw5
http://paperpile.com/b/cVstcY/zFZw5
http://paperpile.com/b/cVstcY/zFZw5
http://paperpile.com/b/cVstcY/1uZyy
http://paperpile.com/b/cVstcY/1uZyy
http://paperpile.com/b/cVstcY/1uZyy
http://paperpile.com/b/cVstcY/1uZyy
http://paperpile.com/b/cVstcY/9T5Uw
http://paperpile.com/b/cVstcY/9T5Uw
http://paperpile.com/b/cVstcY/9T5Uw
http://paperpile.com/b/cVstcY/9T5Uw
http://paperpile.com/b/cVstcY/YDYtK
http://paperpile.com/b/cVstcY/YDYtK
http://paperpile.com/b/cVstcY/YDYtK
http://paperpile.com/b/cVstcY/YDYtK
http://paperpile.com/b/cVstcY/YDYtK
http://paperpile.com/b/cVstcY/k9EdQ
http://paperpile.com/b/cVstcY/k9EdQ
http://paperpile.com/b/cVstcY/k9EdQ
http://paperpile.com/b/cVstcY/k9EdQ
http://paperpile.com/b/cVstcY/uwRUL
http://paperpile.com/b/cVstcY/uwRUL
http://paperpile.com/b/cVstcY/uwRUL
http://paperpile.com/b/cVstcY/y2zL3
http://paperpile.com/b/cVstcY/y2zL3
http://paperpile.com/b/cVstcY/y2zL3
http://paperpile.com/b/cVstcY/y2zL3
http://paperpile.com/b/cVstcY/5v4dm
http://paperpile.com/b/cVstcY/5v4dm
http://paperpile.com/b/cVstcY/5v4dm
http://paperpile.com/b/cVstcY/5v4dm
http://paperpile.com/b/cVstcY/5v4dm
http://paperpile.com/b/cVstcY/zjLkm
http://paperpile.com/b/cVstcY/zjLkm
http://paperpile.com/b/cVstcY/zjLkm
http://paperpile.com/b/cVstcY/zjLkm
http://paperpile.com/b/cVstcY/zjLkm
http://paperpile.com/b/cVstcY/BZOUt
http://paperpile.com/b/cVstcY/BZOUt
http://paperpile.com/b/cVstcY/BZOUt
http://paperpile.com/b/cVstcY/BZOUt
http://paperpile.com/b/cVstcY/BZOUt
http://paperpile.com/b/cVstcY/BZOUt
http://paperpile.com/b/cVstcY/nPmhY
http://paperpile.com/b/cVstcY/nPmhY
http://paperpile.com/b/cVstcY/nPmhY
http://paperpile.com/b/cVstcY/nPmhY
http://paperpile.com/b/cVstcY/TJ5hC
http://paperpile.com/b/cVstcY/TJ5hC
http://paperpile.com/b/cVstcY/TJ5hC
http://paperpile.com/b/cVstcY/TJ5hC
http://paperpile.com/b/cVstcY/dB1rX
http://paperpile.com/b/cVstcY/dB1rX
http://paperpile.com/b/cVstcY/dB1rX
http://paperpile.com/b/cVstcY/dB1rX
http://paperpile.com/b/cVstcY/dB1rX
http://paperpile.com/b/cVstcY/dB1rX
http://paperpile.com/b/cVstcY/feyKn
http://paperpile.com/b/cVstcY/feyKn
http://paperpile.com/b/cVstcY/feyKn
http://paperpile.com/b/cVstcY/feyKn
http://paperpile.com/b/cVstcY/feyKn
http://paperpile.com/b/cVstcY/feyKn
http://paperpile.com/b/cVstcY/0UgPG
http://paperpile.com/b/cVstcY/0UgPG
http://paperpile.com/b/cVstcY/0UgPG
http://paperpile.com/b/cVstcY/0UgPG
http://paperpile.com/b/cVstcY/0UgPG
http://paperpile.com/b/cVstcY/L9m32
http://paperpile.com/b/cVstcY/L9m32


 

 

36 

Dzwonkowski, Brian, Kyeong Park, Jungwoo Lee, Bret M. Webb, and Arnoldo Valle-Levinson. 

2014. “Spatial Variability of Flow over a River-Influenced Inner Shelf in Coastal Alabama 

during Spring.” Continental Shelf Research 74 (February): 25–34. 

Engle, V. D., J. K. Summers, and J. M. Macauley. 1999. “Dissolved Oxygen Conditions in 

Northern Gulf of Mexico Estuaries.” Environmental Monitoring and Assessment 57 (1): 1–

20. 

Escobar-Briones, E., E. Estrada-Santillan, and P/ Legendre. 2008. “Macrofaunal Density and 

Biomass in the Campeche Canyon, Southern Gulf of Mexico.” Deep-Sea Research. Part II, 

Topical Studies in Oceanography 55: 2679–85. 

Falcini, Federico, and Douglas J. Jerolmack. 2010. “A Potential Vorticity Theory for the 

Formation of Elongate Channels in River Deltas and Lakes.” Journal of Geophysical 

Research 115 (F4): F04038. 

Feng, Y., S. F. DiMarco, and G. A. Jackson. 2012. “Relative Role of Wind Forcing and Riverine 

Nutrient Input on the Extent of Hypoxia in the Northern Gulf of Mexico.” Geophysical 

Research Letters 39: L09601. 

Feng, Z., and C. Li. 2010. “Cold-Front-Induced Flushing of the Louisiana Bays.” Journal of 

Marine Systems 82 (4): 252–64. 

Fisher, C. R., P. A. Montagna, and T. T. Sutton. 2016. “How Did the Deepwater Horizon Oil 

Spill Impact Deep-Sea Ecosystems?” Oceanography  29: 182–95. 

Fisher, C., H. Roberts, E. Cordes, and B. Bernard. 2007. “Cold Seeps and Associated 

Communities of the Gulf of Mexico.” Oceanorgaphy 20: 118–29. 

Fitzgerald, Duncan M., Mark Kulp, Shea Penland, James Flocks, and Jack Kindinger. 2004. 

“Morphologic and Stratigraphic Evolution of Muddy Ebb-Tidal Deltas along a Subsiding 

Coast: Barataria Bay, Mississippi River Delta.” Sedimentology 51 (6). Blackwell Science 

Ltd: 1157–78. 

Fitzpatrick, C., A. S. Kolker, and P. Chu. 2017. “Variation in the Mississippi River Plume from 

Data Synthesis of Model Outputs.” OS23A-1379 presented at the American Geophysical 

Union, Fall Meeting, New Orleans. 

Galler, J. J., and M. A. Allison. 2008. “Estuarine Controls on Fine-Grained Sediment Storage in 

the Lower Mississippi and Atchafalaya Rivers.” Geological Society of America Bulletin 120 

(3-4): 386–98. 

Goni, M. A., K. C. Ruttenberg, and T. I. Eglinton. 1997. “Sources and Contribution of 

Terrigenous Organic Carbon to Surface Sediments in the Gulfof Mexico.” Proceedings of 

the National Academy of Sciences of the United States of America 389 (2248): 275–78. 

Goñi, M. A., K. C. Ruttenberg, and T. I. Eglinton. 1998. “A Reassessment of the Sources and 

Importance of Land-Derived Organic Matter in Surface Sediments from the Gulf of 

Mexico.” Geochimica et Cosmochimica Acta 62 (18): 3055–75. 

Goolsby, D. A., and W. E. Pereira. 1995. “Pesticides in the Mississippi River.” 1133. US 

Geological Circular. 

Grey, Erin K., Susan C. Chiasson, Hannah G. Williams, Victoria J. Troeger, and Caz M. Taylor. 

2015. “Evaluation of Blue Crab, Callinectes Sapidus, Megalopal Settlement and Condition 

during the Deepwater Horizon Oil Spill.” PloS One 10 (8): e0135791. 

Gunter, G. 1963. “The Fertile Fisheries Crescent.” Journal of the Mississippi Academy of 

Sciences. Mississippi Academy of Sciences 9: 286–90. 

Haedrich, R. L., J. Devine, and V. Kendal. 2008. “Predictors of Species Richness in the Deep-

Benthic Fauna of the Northern Gulf of Mexico.” Deep-Sea Research II 55: 2650–56. 

http://paperpile.com/b/cVstcY/LUYtI
http://paperpile.com/b/cVstcY/LUYtI
http://paperpile.com/b/cVstcY/LUYtI
http://paperpile.com/b/cVstcY/LUYtI
http://paperpile.com/b/cVstcY/LUYtI
http://paperpile.com/b/cVstcY/8Dudt
http://paperpile.com/b/cVstcY/8Dudt
http://paperpile.com/b/cVstcY/8Dudt
http://paperpile.com/b/cVstcY/8Dudt
http://paperpile.com/b/cVstcY/8Dudt
http://paperpile.com/b/cVstcY/WtxhD
http://paperpile.com/b/cVstcY/WtxhD
http://paperpile.com/b/cVstcY/WtxhD
http://paperpile.com/b/cVstcY/WtxhD
http://paperpile.com/b/cVstcY/WtxhD
http://paperpile.com/b/cVstcY/9AB8F
http://paperpile.com/b/cVstcY/9AB8F
http://paperpile.com/b/cVstcY/9AB8F
http://paperpile.com/b/cVstcY/9AB8F
http://paperpile.com/b/cVstcY/9AB8F
http://paperpile.com/b/cVstcY/1uBCs
http://paperpile.com/b/cVstcY/1uBCs
http://paperpile.com/b/cVstcY/1uBCs
http://paperpile.com/b/cVstcY/1uBCs
http://paperpile.com/b/cVstcY/1uBCs
http://paperpile.com/b/cVstcY/OIyM1
http://paperpile.com/b/cVstcY/OIyM1
http://paperpile.com/b/cVstcY/OIyM1
http://paperpile.com/b/cVstcY/OIyM1
http://paperpile.com/b/cVstcY/xUoTM
http://paperpile.com/b/cVstcY/xUoTM
http://paperpile.com/b/cVstcY/xUoTM
http://paperpile.com/b/cVstcY/xUoTM
http://paperpile.com/b/cVstcY/cB0na
http://paperpile.com/b/cVstcY/cB0na
http://paperpile.com/b/cVstcY/cB0na
http://paperpile.com/b/cVstcY/cB0na
http://paperpile.com/b/cVstcY/6Vkvw
http://paperpile.com/b/cVstcY/6Vkvw
http://paperpile.com/b/cVstcY/6Vkvw
http://paperpile.com/b/cVstcY/6Vkvw
http://paperpile.com/b/cVstcY/6Vkvw
http://paperpile.com/b/cVstcY/6Vkvw
http://paperpile.com/b/cVstcY/rY4jx
http://paperpile.com/b/cVstcY/rY4jx
http://paperpile.com/b/cVstcY/rY4jx
http://paperpile.com/b/cVstcY/XGJZd
http://paperpile.com/b/cVstcY/XGJZd
http://paperpile.com/b/cVstcY/XGJZd
http://paperpile.com/b/cVstcY/XGJZd
http://paperpile.com/b/cVstcY/XGJZd
http://paperpile.com/b/cVstcY/FHh98
http://paperpile.com/b/cVstcY/FHh98
http://paperpile.com/b/cVstcY/FHh98
http://paperpile.com/b/cVstcY/FHh98
http://paperpile.com/b/cVstcY/FHh98
http://paperpile.com/b/cVstcY/pJv6O
http://paperpile.com/b/cVstcY/pJv6O
http://paperpile.com/b/cVstcY/pJv6O
http://paperpile.com/b/cVstcY/pJv6O
http://paperpile.com/b/cVstcY/pJv6O
http://paperpile.com/b/cVstcY/qMp84
http://paperpile.com/b/cVstcY/qMp84
http://paperpile.com/b/cVstcY/qgVSH
http://paperpile.com/b/cVstcY/qgVSH
http://paperpile.com/b/cVstcY/qgVSH
http://paperpile.com/b/cVstcY/qgVSH
http://paperpile.com/b/cVstcY/qgVSH
http://paperpile.com/b/cVstcY/Hxxh6
http://paperpile.com/b/cVstcY/Hxxh6
http://paperpile.com/b/cVstcY/Hxxh6
http://paperpile.com/b/cVstcY/Hxxh6
http://paperpile.com/b/cVstcY/hLVOj
http://paperpile.com/b/cVstcY/hLVOj
http://paperpile.com/b/cVstcY/hLVOj
http://paperpile.com/b/cVstcY/hLVOj


 

 

37 

Ham, J. L. van der, and K. de Mutsert. 2014. “Abundance and Size of Gulf Shrimp in 

Louisiana’s Coastal Estuaries Following the Deepwater Horizon Oil Spill.” PloS One 9 

(10). Public Library of Science: e108884. 

Hauer, M. E. 2017. “Migration Induced by Sea-Level Rise Could Reshape the US Population 

Landscape.” Nature Climate Change 7 (5). MACMILLAN BUILDING, 4 CRINAN ST, 

LONDON N1 9XW, ENGLAND: NATURE PUBLISHING GROUP: 321–25. 

Henry, Kelly M., and Robert R. Twilley. 2013. “Nutrient Biogeochemistry During the Early 

Stages of Delta Development in the Mississippi River Deltaic Plain.” Ecosystems  17 (2). 

Springer US: 327–43. 

Hester, M. W., J. M. Willis, S. Rouhani, M. A. Steinhoff, and M. C. Baker. 2016. “Impacts of the 

Deepwater Horizon Oil Spill on the Salt Marsh Vegetation of Louisiana.” Environmental 

Pollution  216: 361–70. 

Jaramillo, S., A. Sheremet, M. A. Allison, A. H. Reed, and K. T. Holland. 2009. “Wave-Mud 

Interactions over the Muddy Atchafalaya Subaqueous Clinoform, Louisiana, United States: 

Wave-Supported Sediment Transport.” Journal of Geophysical Research 114 (C4): 

C04002. 

Jones, B. T., J. Gyory, E. K. Grey, M. Bartlein, D. S. Ko, R. W. Nero, and C. M. Taylor. 2015. 

“Transport of Blue Crab Larvae in the Northern Gulf of Mexico during the Deepwater 

Horizon Oil Spill.” Marine Ecology Progress Series 527 (May): 143–56. 

Karnauskas, M., M. J. Schirripa, J. K. Craig, Cook Geoffrey S, Kelble Cr., J. J. Agar, B. A. 

Black, et al. 2015. “Evidence of Climate-Driven Ecosystem Reorganization in the Gulf of 

Mexico.” Global Change Biology. https://doi.org/10.1111/gcb.12894. 

Kaushal, S. S., G. E. Likens, M. L. Pace, R. M. Utz, S. Haq, J. Gorman, and M. Grese. 2018. 

“Freshwater Salinization Syndrome on a Continental Scale.” Proceedings of the National 

Academy of Sciences of the United States of America 115 (4): E574–83. 

Kemp, G., John Day, Alejandro Yáñez-Arancibia, and Natalie Peyronnin. 2016. “Can 

Continental Shelf River Plumes in the Northern and Southern Gulf of Mexico Promote 

Ecological Resilience in a Time of Climate Change?” WATER 8 (3). Multidisciplinary 

Digital Publishing Institute: 83. 

Kemp, G. Paul, John W. Day, and Angelina M. Freeman. 2014. “Restoring the Sustainability of 

the Mississippi River Delta.” Ecological Engineering 65: 131–46. 

Kolker, Alexander S., Mead A. Allison, and Sultan Hameed. 2011. “An Evaluation of 

Subsidence Rates and Sea-Level Variability in the Northern Gulf of Mexico.” Geophysical 

Research Letters 38 (21). https://doi.org/10.1029/2011gl049458. 

Kolker, A. S., J. E. Cable, K. H. Johannesson, M. A. Allison, and L. V. Inniss. 2013. “Pathways 

and Processes Associated with the Transport of Groundwater in Deltaic Systems.” Journal 

of Hydrology 498: 319–34. 

Kolker, A. S., C. Li, N. D. Walker, C. Pilley, A. D. Ameen, G. Boxer, C. Ramatchandirane, M. 

Ullah, and K. A. Williams. 2014. “The Impacts of the Great Mississippi/Atchafalaya River 

Flood on the Oceanography of the Atchafalaya Shelf.” Continental Shelf Research 86: 17–

33. 

Kolker, A. S., Miner, and H. D. Weathers. 2012. “Depositional Dynamics in a River Diversion 

Receiving Basin: The Case of the West Bay Mississippi River Diversion.” Estuarine, 

Coastal and Shelf Science 106: 1–12. 

Kumpf, H., K. Steidinger, and K. Sherman, eds. 1999. The Gulf of Mexico Large Marine 

Ecosystem: Assessment, Sustainability, and Management. Blackwell Science. 

http://paperpile.com/b/cVstcY/5VH1g
http://paperpile.com/b/cVstcY/5VH1g
http://paperpile.com/b/cVstcY/5VH1g
http://paperpile.com/b/cVstcY/5VH1g
http://paperpile.com/b/cVstcY/5VH1g
http://paperpile.com/b/cVstcY/ib5JS
http://paperpile.com/b/cVstcY/ib5JS
http://paperpile.com/b/cVstcY/ib5JS
http://paperpile.com/b/cVstcY/ib5JS
http://paperpile.com/b/cVstcY/ib5JS
http://paperpile.com/b/cVstcY/IQwi2
http://paperpile.com/b/cVstcY/IQwi2
http://paperpile.com/b/cVstcY/IQwi2
http://paperpile.com/b/cVstcY/IQwi2
http://paperpile.com/b/cVstcY/IQwi2
http://paperpile.com/b/cVstcY/wVniW
http://paperpile.com/b/cVstcY/wVniW
http://paperpile.com/b/cVstcY/wVniW
http://paperpile.com/b/cVstcY/wVniW
http://paperpile.com/b/cVstcY/wVniW
http://paperpile.com/b/cVstcY/1wK40
http://paperpile.com/b/cVstcY/1wK40
http://paperpile.com/b/cVstcY/1wK40
http://paperpile.com/b/cVstcY/1wK40
http://paperpile.com/b/cVstcY/1wK40
http://paperpile.com/b/cVstcY/1wK40
http://paperpile.com/b/cVstcY/gSx1W
http://paperpile.com/b/cVstcY/gSx1W
http://paperpile.com/b/cVstcY/gSx1W
http://paperpile.com/b/cVstcY/gSx1W
http://paperpile.com/b/cVstcY/gSx1W
http://paperpile.com/b/cVstcY/S7jIX
http://paperpile.com/b/cVstcY/S7jIX
http://paperpile.com/b/cVstcY/S7jIX
http://paperpile.com/b/cVstcY/S7jIX
http://paperpile.com/b/cVstcY/S7jIX
http://paperpile.com/b/cVstcY/S7jIX
http://paperpile.com/b/cVstcY/S7jIX
http://paperpile.com/b/cVstcY/d2Quz
http://paperpile.com/b/cVstcY/d2Quz
http://paperpile.com/b/cVstcY/d2Quz
http://paperpile.com/b/cVstcY/d2Quz
http://paperpile.com/b/cVstcY/d2Quz
http://paperpile.com/b/cVstcY/JPyZg
http://paperpile.com/b/cVstcY/JPyZg
http://paperpile.com/b/cVstcY/JPyZg
http://paperpile.com/b/cVstcY/JPyZg
http://paperpile.com/b/cVstcY/JPyZg
http://paperpile.com/b/cVstcY/JPyZg
http://paperpile.com/b/cVstcY/VHfxK
http://paperpile.com/b/cVstcY/VHfxK
http://paperpile.com/b/cVstcY/VHfxK
http://paperpile.com/b/cVstcY/VHfxK
http://paperpile.com/b/cVstcY/j30Sm
http://paperpile.com/b/cVstcY/j30Sm
http://paperpile.com/b/cVstcY/j30Sm
http://paperpile.com/b/cVstcY/j30Sm
http://paperpile.com/b/cVstcY/j30Sm
http://paperpile.com/b/cVstcY/j30Sm
http://paperpile.com/b/cVstcY/j30Sm
http://paperpile.com/b/cVstcY/kwEAN
http://paperpile.com/b/cVstcY/kwEAN
http://paperpile.com/b/cVstcY/kwEAN
http://paperpile.com/b/cVstcY/kwEAN
http://paperpile.com/b/cVstcY/kwEAN
http://paperpile.com/b/cVstcY/GJ9eW
http://paperpile.com/b/cVstcY/GJ9eW
http://paperpile.com/b/cVstcY/GJ9eW
http://paperpile.com/b/cVstcY/GJ9eW
http://paperpile.com/b/cVstcY/GJ9eW
http://paperpile.com/b/cVstcY/GJ9eW
http://paperpile.com/b/cVstcY/nMtPn
http://paperpile.com/b/cVstcY/nMtPn
http://paperpile.com/b/cVstcY/nMtPn
http://paperpile.com/b/cVstcY/nMtPn
http://paperpile.com/b/cVstcY/nMtPn
http://paperpile.com/b/cVstcY/KIsYA
http://paperpile.com/b/cVstcY/KIsYA
http://paperpile.com/b/cVstcY/KIsYA
http://paperpile.com/b/cVstcY/KIsYA


 

 

38 

LACPRA. 2017. “Louisiana’s Comprehensive Master Plan for a Sustainable Coast - 2017.” 

LADWF. 2008. “The Economic Benefits of Fisheries, Wildlife and Boating Resources in the 

State of Louisiana.” 

Lang, K. L., C. B. Grimes, and R. F. Shaw. 1994. “Variations in the Age and Growth of 

Yellowfin Tuna larvae,Thunnus Albacares, Collected about the Mississippi River Plume.” 

Environmental Biology of Fishes 39 (3): 259–70. 

Lewis, K. A., K. De Mutsert, J. Steenbeek, H. Peele, J. H. Cowan Jr., and J. Buszowski. 2016. 

“Employing Ecosystem Models and Geographic Information Systems (GIS) to Investigate 

the Response of Changing Marsh Edge on Historical Biomass of Estuarine Nekton in 

Barataria Bay, Louisiana, USA.” Ecological Modelling 331 (July): 129–41. 

McKee, B. A., R. C. Aller, M. A. Allison, T. S. Bianchi, and G. C. Kineke. 2004. “Transport and 

Transformation of Dissolved and Particulate Materials on Continental Margins Influenced 

by Major Rivers: Benthic Boundary Layer and Seabed Processes.” Continental Shelf 

Research 24 (7–8): 899–926. 

Meade, Robert H., and John A. Moody. 2010. “Causes for the Decline of Suspended-Sediment 

Discharge in the Mississippi River System, 1940–2007.” Hydrological Processes 24 (1). 

John Wiley & Sons, Ltd.: 35–49. 

Merrifield, M. A., S. T. Merrifield, and G. T. Mitchum. 2009. “An Anomalous Recent 

Acceleration of Global Sea Level Rise.” Journal of Climate 22 (21): 5772–81. 

Mitsch, W. J., J. W. Day, J. W. Gilliam, P. M. Groffman, D. L. Hey, G. W. Randall, and W. N. 

Naiming. 2001. “Reducing Nitrogen Loading to the Gulf of Mexico from the Mississippi 

River Basin: Strategies to Counter a Persistent Ecological Problem.” Bioscience 51 (5): 

373–88. 

Morse, J. W., and M. J. Beazley. 2008. “Organic Matter in Deep Water Sediments of the 

NorthernGulf of Mexico and Its Relationship to the Distribution of Benthic Organisms.” 

Deep-Sea Research II 55: 2563–71. 

Mutsert, K. de, K. Lewis, S. Milroy, J. Buszowski, and J. Steenbeek. 2017. “Using Ecosystem 

Modeling to Evaluate Trade-Offs in Coastal Management: Effects of Large-Scale River 

Diversions on Fish and Fisheries.” Ecological Modelling 360 (Supplement C): 14–26. 

Nixon, Z., S. Zengel, M. Baker, M. Steinhoff, G. Fricano, S. Rouhani, and M. Jacqueline. 2016. 

“Shoreline Oiling from the Deepwater Horizon Oil Spill.” Marine Pollution Bulliten 107: ) 

170–78. 

Paola, Chris, Robert R. Twilley, Douglas A. Edmonds, Wonsuck Kim, David Mohrig, Gary 

Parker, Enrica Viparelli, and Vaughan R. Voller. 2011. “Natural Processes in Delta 

Restoration: Application to the Mississippi Delta.” Annual Review of Marine Science 3: 67–

91. 

Pereira, W. E., and F. D. Hostettler. 1993. “Nonpoint Source Contamination of the Mississippi 

River and Its Tributaries by Herbicides.” Environmental Science & Technology 27 (8). 

American Chemical Society: 1542–52. 

Powell, S., R. Haedrich, and J. McEachran. 2003. “The Deep-Sea Demersal Fish Fauna Northern 

Gulf of Mexico.” Journal of Northwest Atlantic Fishery Science 31: 19–33. 

Purcell, K. M., J. K. Craig, J. M. Nance, Smith, and L. S. Bennear. 2017. “Fleet Behavior Is 

Responsive to a Large-Scale Environmental Disturbance: Hypoxia Effects on the Spatial 

Dynamics of the Northern Gulf of Mexico Shrimp Fishery.” PloS One 12 (8): e0183032. 

Rabalais, Nancy N. 2015. “Human Impacts on Fisheries across the Land-Sea Interface.” 

Proceedings of the National Academy of Sciences of the United States of America 112 (26): 

http://paperpile.com/b/cVstcY/VCrhj
http://paperpile.com/b/cVstcY/0k0c8
http://paperpile.com/b/cVstcY/0k0c8
http://paperpile.com/b/cVstcY/ooyUw
http://paperpile.com/b/cVstcY/ooyUw
http://paperpile.com/b/cVstcY/ooyUw
http://paperpile.com/b/cVstcY/ooyUw
http://paperpile.com/b/cVstcY/HBtOH
http://paperpile.com/b/cVstcY/HBtOH
http://paperpile.com/b/cVstcY/HBtOH
http://paperpile.com/b/cVstcY/HBtOH
http://paperpile.com/b/cVstcY/HBtOH
http://paperpile.com/b/cVstcY/HBtOH
http://paperpile.com/b/cVstcY/f5edj
http://paperpile.com/b/cVstcY/f5edj
http://paperpile.com/b/cVstcY/f5edj
http://paperpile.com/b/cVstcY/f5edj
http://paperpile.com/b/cVstcY/f5edj
http://paperpile.com/b/cVstcY/f5edj
http://paperpile.com/b/cVstcY/3JiRv
http://paperpile.com/b/cVstcY/3JiRv
http://paperpile.com/b/cVstcY/3JiRv
http://paperpile.com/b/cVstcY/3JiRv
http://paperpile.com/b/cVstcY/3JiRv
http://paperpile.com/b/cVstcY/onT3J
http://paperpile.com/b/cVstcY/onT3J
http://paperpile.com/b/cVstcY/onT3J
http://paperpile.com/b/cVstcY/onT3J
http://paperpile.com/b/cVstcY/slPA5
http://paperpile.com/b/cVstcY/slPA5
http://paperpile.com/b/cVstcY/slPA5
http://paperpile.com/b/cVstcY/slPA5
http://paperpile.com/b/cVstcY/slPA5
http://paperpile.com/b/cVstcY/slPA5
http://paperpile.com/b/cVstcY/bk4is
http://paperpile.com/b/cVstcY/bk4is
http://paperpile.com/b/cVstcY/bk4is
http://paperpile.com/b/cVstcY/bk4is
http://paperpile.com/b/cVstcY/c5Pdx
http://paperpile.com/b/cVstcY/c5Pdx
http://paperpile.com/b/cVstcY/c5Pdx
http://paperpile.com/b/cVstcY/c5Pdx
http://paperpile.com/b/cVstcY/c5Pdx
http://paperpile.com/b/cVstcY/ApJmN
http://paperpile.com/b/cVstcY/ApJmN
http://paperpile.com/b/cVstcY/ApJmN
http://paperpile.com/b/cVstcY/ApJmN
http://paperpile.com/b/cVstcY/ApJmN
http://paperpile.com/b/cVstcY/gn6jB
http://paperpile.com/b/cVstcY/gn6jB
http://paperpile.com/b/cVstcY/gn6jB
http://paperpile.com/b/cVstcY/gn6jB
http://paperpile.com/b/cVstcY/gn6jB
http://paperpile.com/b/cVstcY/gn6jB
http://paperpile.com/b/cVstcY/Lp4jU
http://paperpile.com/b/cVstcY/Lp4jU
http://paperpile.com/b/cVstcY/Lp4jU
http://paperpile.com/b/cVstcY/Lp4jU
http://paperpile.com/b/cVstcY/Lp4jU
http://paperpile.com/b/cVstcY/APSYr
http://paperpile.com/b/cVstcY/APSYr
http://paperpile.com/b/cVstcY/APSYr
http://paperpile.com/b/cVstcY/APSYr
http://paperpile.com/b/cVstcY/XHrHD
http://paperpile.com/b/cVstcY/XHrHD
http://paperpile.com/b/cVstcY/XHrHD
http://paperpile.com/b/cVstcY/XHrHD
http://paperpile.com/b/cVstcY/XHrHD
http://paperpile.com/b/cVstcY/XKl6a
http://paperpile.com/b/cVstcY/XKl6a
http://paperpile.com/b/cVstcY/XKl6a
http://paperpile.com/b/cVstcY/XKl6a


 

 

39 

7892–93. 

Rabalais, N. N., R. E. Turner, D. Justić, Q. Dortch, W. J. Wiseman, and B. K. S. Gupta. 1996. 

“Nutrient Changes in the Mississippi River and System Responses on the Adjacent 

Continental Shelf.” Estuaries 19 (2): 386–407. 

Rabalais, N. N., R. E. Turner, and W. J. Wiseman. 2002. “Gulf of Mexico Hypoxia, A.K.A., 

‘The Dead Zone.’” Annual Review of Ecology and Systematics 32: 235–63. 

Rangoonwala, Amina, Cathleen E. Jones, and Elijah Ramsey. 2016. “Wetland Shoreline 

Recession in the Mississippi River Delta from Petroleum Oiling and Cyclonic Storms.” 

Geophysical Research Letters 43 (22): 2016GL070624. 

Raymond, Peter A., Neung-Hwan Oh, R. Eugene Turner, and Whitney Broussard. 2008. 

“Anthropogenically Enhanced Fluxes of Water and Carbon from the Mississippi River.” 

Nature 451 (January). Nature Publishing Group: 449. 

Reed, D. J., D. A. Fuller, J. G. Gosselink, R. Kesel, C. E. Sasser, E. M. Swenson, D. E. Evers, C. 

M. Swarzinski, and J. A. Barras. 1995. “Status and Trends of Hydrologic Modifications, 

Reductions in Sediment Availability, and Habitat Loss/Modification in the Barataria-

Terrebonne Estuarine System.” 20. Batararia-Terrebonne National Estuary Program. 

Roberts, Harry H. 1997. “Dynamic Changes of the Holocene Mississippi River Delta Plain: The 

Delta Cycle.” Journal of Coastal Research 13 (3). Coastal Education & Research 

Foundation, Inc.: 605–27. 

Roberts, Harry H., Ronald D. DeLaune, John R. White, Chunyan Li, Charles E. Sasser, Dewitt 

Braud, Edward Weeks, and Syed Khalil. 2015. “Floods and Cold Front Passages: Impacts 

on Coastal Marshes in a River Diversion Setting (Wax Lake Delta Area, Louisiana).” 

Journal of Coastal Research, 1057–68. 

Rowe, G., C. Wei, C. Nunnally, R. Haedrich, P. Montagna, J. Baguley, J. Bernhard, et al. 2008. 

“Comparative Biomass Structure and Estimated Carbon Flow in Food Webs in the Deep 

Gulf of Mexico.” Deep-Sea Research II 55: 2699–2711. 

Sampere, Troy P., Thomas S. Bianchi, and Mead A. Allison. 2011. “Historical Changes in 

Terrestrially Derived Organic Carbon Inputs to Louisiana Continental Margin Sediments 

over the Past 150 Years.” Journal of Geophysical Research 116 (G1): G01016. 

Schiller, R. V., V. H. Kourafalou, P. Hogan, and N. D. Walker. 2011. “The Dynamics of the 

Mississippi River Plume: Impact of Topography, Wind and Offshore Forcing on the Fate of 

Plume Waters.” Journal of Geophysical Research 116 (C6): C06029. 

Shepherd, J., D. S. Benoit, K. M. Halanych, M. Carron, R. Shaw, and C. Wilson. 2016. 

“Introduction to the Special Issue: An Overview of the Gulf of Mexico Research Initiative.” 

Oceanography  29 (3): 26–32. 

Shields, M. R., T. S. Bianchi, D. Mohrig, J. A. Hutchings, W. F. Kenney, A. S. Kolker, and J. H. 

Curtis. 2017. “Carbon Storage in the Mississippi River Delta Enhanced by Environmental 

Engineering.” Nature Geoscience 10. Nature Publishing Group: 846–51. 

Shiller, Alan M. 1997. “Dissolved Trace Elements in the Mississippi River: Seasonal, 

Interannual, and Decadal Variability.” Geochimica et Cosmochimica Acta 61 (20): 4321–

30. 

Shim, M. J., P. W. Swarzenski, and A. M. Shiller. 2012. “Dissolved and Colloidal Trace 

Elements in the Mississippi River Delta Outflow after Hurricanes Katrina and Rita.” 

Continental Shelf Research 42 (July): 1–9. 

Smith, F. Asche, L. S. Bennear, and A. Oglend. 2014. “Spatial-Dynamics of Hypoxia and 

Fisheries: The Case of Gulf of Mexico Brown Shrimp.” Marine Resource Economics 29 

http://paperpile.com/b/cVstcY/XKl6a
http://paperpile.com/b/cVstcY/UF5w7
http://paperpile.com/b/cVstcY/UF5w7
http://paperpile.com/b/cVstcY/UF5w7
http://paperpile.com/b/cVstcY/UF5w7
http://paperpile.com/b/cVstcY/UF5w7
http://paperpile.com/b/cVstcY/shAFk
http://paperpile.com/b/cVstcY/shAFk
http://paperpile.com/b/cVstcY/shAFk
http://paperpile.com/b/cVstcY/shAFk
http://paperpile.com/b/cVstcY/vAaQh
http://paperpile.com/b/cVstcY/vAaQh
http://paperpile.com/b/cVstcY/vAaQh
http://paperpile.com/b/cVstcY/vAaQh
http://paperpile.com/b/cVstcY/FVtzZ
http://paperpile.com/b/cVstcY/FVtzZ
http://paperpile.com/b/cVstcY/FVtzZ
http://paperpile.com/b/cVstcY/FVtzZ
http://paperpile.com/b/cVstcY/YfQof
http://paperpile.com/b/cVstcY/YfQof
http://paperpile.com/b/cVstcY/YfQof
http://paperpile.com/b/cVstcY/YfQof
http://paperpile.com/b/cVstcY/inUuf
http://paperpile.com/b/cVstcY/inUuf
http://paperpile.com/b/cVstcY/inUuf
http://paperpile.com/b/cVstcY/inUuf
http://paperpile.com/b/cVstcY/inUuf
http://paperpile.com/b/cVstcY/hb7g4
http://paperpile.com/b/cVstcY/hb7g4
http://paperpile.com/b/cVstcY/hb7g4
http://paperpile.com/b/cVstcY/hb7g4
http://paperpile.com/b/cVstcY/hb7g4
http://paperpile.com/b/cVstcY/hb7g4
http://paperpile.com/b/cVstcY/YW439
http://paperpile.com/b/cVstcY/YW439
http://paperpile.com/b/cVstcY/YW439
http://paperpile.com/b/cVstcY/YW439
http://paperpile.com/b/cVstcY/YW439
http://paperpile.com/b/cVstcY/VV7a5
http://paperpile.com/b/cVstcY/VV7a5
http://paperpile.com/b/cVstcY/VV7a5
http://paperpile.com/b/cVstcY/VV7a5
http://paperpile.com/b/cVstcY/VV7a5
http://paperpile.com/b/cVstcY/6Mg3u
http://paperpile.com/b/cVstcY/6Mg3u
http://paperpile.com/b/cVstcY/6Mg3u
http://paperpile.com/b/cVstcY/6Mg3u
http://paperpile.com/b/cVstcY/6Mg3u
http://paperpile.com/b/cVstcY/kIfxB
http://paperpile.com/b/cVstcY/kIfxB
http://paperpile.com/b/cVstcY/kIfxB
http://paperpile.com/b/cVstcY/kIfxB
http://paperpile.com/b/cVstcY/muuKd
http://paperpile.com/b/cVstcY/muuKd
http://paperpile.com/b/cVstcY/muuKd
http://paperpile.com/b/cVstcY/muuKd
http://paperpile.com/b/cVstcY/muuKd
http://paperpile.com/b/cVstcY/TAPwd
http://paperpile.com/b/cVstcY/TAPwd
http://paperpile.com/b/cVstcY/TAPwd
http://paperpile.com/b/cVstcY/TAPwd
http://paperpile.com/b/cVstcY/TAPwd
http://paperpile.com/b/cVstcY/g1zpP
http://paperpile.com/b/cVstcY/g1zpP
http://paperpile.com/b/cVstcY/g1zpP
http://paperpile.com/b/cVstcY/g1zpP
http://paperpile.com/b/cVstcY/dk3rJ
http://paperpile.com/b/cVstcY/dk3rJ
http://paperpile.com/b/cVstcY/dk3rJ
http://paperpile.com/b/cVstcY/dk3rJ


 

 

40 

(2). MRE Foundation, Inc.: 111–31. 

Smith, L. M., V. D. Engle, and J. K. Summers. 2006. “Assessing Water Clarity as a Component 

of Water Quality in Gulf of Mexico Estuaries.” Environmental Monitoring and Assessment 

115 (1): 291–305. 

Swarzenski, C. M. 2003. “Surface-Water Hydrology of the Gulf Intracoastal Waterway in South-

Central Louisiana, 1996-99.” 1672. US Geological Survey. 

Sweet, W. V., R. E. Kopp, C. P. Weaver, J. Obeysekera, R. M. Horton, E. R. Thieler, and 

Zervas. 2016. “Global and Regional Sea Level Rise Scenarios for the United States.” NOS-

CO-OPS 083. National Oceanographic and Atmospheric Administration. 

Switzer, T., E. J. Chesney, and D. M. Baltz. 2009. “Habitat Selection by Flatfishes in the 

Northern Gulf of Mexico: Implications for Susceptibility to Hypoxia.” Journal of 

Experimental Marine Biology and Ecology 381 (S1): S51–64. 

Syvitski, James P. M., Scott D. Peckham, Rachael Hilberman, and Thierry Mulder. 2003. 

“Predicting the Terrestrial Flux of Sediment to the Global Ocean: A Planetary Perspective.” 

Sedimentary Geology 162 (1–2): 5–24. 

Syvitski, James P. M., and Yoshiki Saito. 2007. “Morphodynamics of Deltas under the Influence 

of Humans.” Global and Planetary Change 57 (3–4): 261–82. 

Trenberth, Kevin E., and John Fasullo. 2007. “Water and Energy Budgets of Hurricanes and 

Implications for Climate Change.” Journal of Geophysical Research 112 (D23): D23107. 

———. 2008. “Energy Budgets of Atlantic Hurricanes and Changes from 1970.” Geochemistry, 

Geophysics, Geosystems 9 (9): Q09V08. 

Turner, R. E. 1997. “Wetland Loss in the Northern Gulf of Mexico: Multiple Working 

Hypotheses.” Estuaries 20 (1). Coastal and Estuarine Research Federation: 1–13. 

Turner, R. E., N. N. Rabalais, R. B. Alexander, G. McIsaac, and R. W. Howarth. 2007. 

“Characterization of Nutrient, Organic Carbon, and Sediment Loads and Concentrations 

from the Mississippi River into the Northern Gulf of Mexico.” Estuaries and Coasts 30 (5): 

773–90. 

Turner, R. E., N. N. Rabalais, and D. Justić. 2017. “Trends in Summer Bottom-Water 

Temperatures on the Northern Gulf of Mexico Continental Shelf from 1985 to 2015.” PloS 

One 12 (9): e0184350. 

Tweel, Andrew W., and R. Eugene Turner. 2012. “Watershed Land Use and River Engineering 

Drive Wetland Formation and Loss in the Mississippi River Birdfoot Delta.” Limnology and 

Oceanography 57 (1): 18–28. 

Vliet, M. T. H. van, W. H. P. Franssen, J. R. Yearsley, F. Ludwig, I. Haddeland, D. P. 

Lettenmaier, and P. Kabat. 2013. “Global River Discharge and Water Temperature under 

Climate Change.” Global Environmental Change: Human and Policy Dimensions 23 (2): 

450–64. 

Walker, N. D. 1996. “Satellite Assessment of Mississippi River Plume Variability: Causes and 

Predictability.” Remote Sensing of Environment 58 (1): 21–35. 

Walker, N. D., and A. B. Hammack. 2000. “Impacts of Winter Storms on Circulation and 

Sediment Transport: Atchafalaya-Vermilion Bay Region, Louisiana.” Journal of Coastal 

Research 16 (4): 996–1010. 

Walker, N. D., O. K. Huh, L. J. Rouse, and S. P. Murray. 1996. “Evolution and Structure of a 

Coastal Squirt off the Mississippi River Delta: Northern Gulf of Mexico.” Journal of 

Geophysical Research - Oceans 101 (C9): 20643–55. 

Walker, N. D., W. J. Wiseman, L. J. Rouse, and L. Babin. 2005. “Seasonal and Wind-Forced 

http://paperpile.com/b/cVstcY/dk3rJ
http://paperpile.com/b/cVstcY/tjWP1
http://paperpile.com/b/cVstcY/tjWP1
http://paperpile.com/b/cVstcY/tjWP1
http://paperpile.com/b/cVstcY/tjWP1
http://paperpile.com/b/cVstcY/tjWP1
http://paperpile.com/b/cVstcY/3NjoU
http://paperpile.com/b/cVstcY/3NjoU
http://paperpile.com/b/cVstcY/x1Th4
http://paperpile.com/b/cVstcY/x1Th4
http://paperpile.com/b/cVstcY/x1Th4
http://paperpile.com/b/cVstcY/cXYOL
http://paperpile.com/b/cVstcY/cXYOL
http://paperpile.com/b/cVstcY/cXYOL
http://paperpile.com/b/cVstcY/cXYOL
http://paperpile.com/b/cVstcY/cXYOL
http://paperpile.com/b/cVstcY/HVYdH
http://paperpile.com/b/cVstcY/HVYdH
http://paperpile.com/b/cVstcY/HVYdH
http://paperpile.com/b/cVstcY/HVYdH
http://paperpile.com/b/cVstcY/b5bTN
http://paperpile.com/b/cVstcY/b5bTN
http://paperpile.com/b/cVstcY/b5bTN
http://paperpile.com/b/cVstcY/b5bTN
http://paperpile.com/b/cVstcY/qzgKK
http://paperpile.com/b/cVstcY/qzgKK
http://paperpile.com/b/cVstcY/qzgKK
http://paperpile.com/b/cVstcY/qzgKK
http://paperpile.com/b/cVstcY/8PiFn
http://paperpile.com/b/cVstcY/8PiFn
http://paperpile.com/b/cVstcY/8PiFn
http://paperpile.com/b/cVstcY/8PiFn
http://paperpile.com/b/cVstcY/EIbDF
http://paperpile.com/b/cVstcY/EIbDF
http://paperpile.com/b/cVstcY/EIbDF
http://paperpile.com/b/cVstcY/EIbDF
http://paperpile.com/b/cVstcY/ed0YE
http://paperpile.com/b/cVstcY/ed0YE
http://paperpile.com/b/cVstcY/ed0YE
http://paperpile.com/b/cVstcY/ed0YE
http://paperpile.com/b/cVstcY/ed0YE
http://paperpile.com/b/cVstcY/ed0YE
http://paperpile.com/b/cVstcY/MFYmK
http://paperpile.com/b/cVstcY/MFYmK
http://paperpile.com/b/cVstcY/MFYmK
http://paperpile.com/b/cVstcY/MFYmK
http://paperpile.com/b/cVstcY/MFYmK
http://paperpile.com/b/cVstcY/J6aD3
http://paperpile.com/b/cVstcY/J6aD3
http://paperpile.com/b/cVstcY/J6aD3
http://paperpile.com/b/cVstcY/J6aD3
http://paperpile.com/b/cVstcY/J6aD3
http://paperpile.com/b/cVstcY/ArPH4
http://paperpile.com/b/cVstcY/ArPH4
http://paperpile.com/b/cVstcY/ArPH4
http://paperpile.com/b/cVstcY/ArPH4
http://paperpile.com/b/cVstcY/ArPH4
http://paperpile.com/b/cVstcY/ArPH4
http://paperpile.com/b/cVstcY/6cg7S
http://paperpile.com/b/cVstcY/6cg7S
http://paperpile.com/b/cVstcY/6cg7S
http://paperpile.com/b/cVstcY/6cg7S
http://paperpile.com/b/cVstcY/EMrPq
http://paperpile.com/b/cVstcY/EMrPq
http://paperpile.com/b/cVstcY/EMrPq
http://paperpile.com/b/cVstcY/EMrPq
http://paperpile.com/b/cVstcY/EMrPq
http://paperpile.com/b/cVstcY/IY3DT
http://paperpile.com/b/cVstcY/IY3DT
http://paperpile.com/b/cVstcY/IY3DT
http://paperpile.com/b/cVstcY/IY3DT
http://paperpile.com/b/cVstcY/IY3DT
http://paperpile.com/b/cVstcY/S6C0X


 

 

41 

Changes in Surface Circulation, Suspended Sediments, and Temperature Fronts of the 

Mississippi River Plume, Louisiana.” Journal of Coastal Research 21 (6): 1228–44. 

Watanabe, K. H., F. W. Desimone, A. i. Thiyagarajah, W. R. Hartley, and A. E. Hindrichs. 2003. 

“Fish Tissue Quality in the Lower Mississippi River and Health Risks from Fish 

Consumption.” The Science of the Total Environment 302 (1): 109–26. 

Weight, Robert W. R., John B. Anderson, and Rodrigo Fernandez. 2011. “Rapid Mud 

Accumulation On the Central Texas Shelf Linked To Climate Change and Sea-Level Rise.” 

Journal of Sedimentary Research 81 (10): 743–64. 

Wellner, R., R. Beaubouef, J. Van Wagoner, and Roberts H. Sun T. 2006. “Jet-Plume 

Depositional Bodies—The Primary Building Blocks of Wax Lake Delta.” Gulf Coast 

Association of Geological Societies Transactions 55: 867–909. 

Whitehead, A., B. Dubansky, C. Bodinier, T. I. Garcia, Miles S Pilley C Raghunathan, J. L. 

Roach, N. Walker, R. B. Walter, C. D. Rice, and F. Galvez. 2011. “Genomic and 

Physiological Footprint of the Deepwater Horizon Oil Spill on Resident Marsh Fishes.” 

Proceedings of the National Academy of Sciences of the United States of America 109 (50). 

National Academy of Sciences: 20298–302. 

Wilson, Carol A., and Mead A. Allison. 2008. “An Equilibrium Profile Model for Retreating 

Marsh Shorelines in Southeast Louisiana.” Estuarine, Coastal and Shelf Science 80 (4): 

483–94. 

Wilson, G. D. F. 2008. “Local and Regional Species Diversity of Benthic Isopoda (Crustacea) in 

the Deep Gulf of Mexico.” Deep-Sea Research. Part II, Topical Studies in Oceanography 

55: 2634–49. 

Wright, L. D. 1997. “Sediment Transport and Deposition at River Mouths: A Synthesis.” 

Geological Society of America Bulletin 88 (6): 857–68. 

Wright, L. D., and J. M. Coleman. 1971. “Effluent Expansion and Interfacial Mixing in the 

Presence of a Salt Wedge, Mississippi River Delta.” Journal of Geophysical Research 76 

(36): 8649–61. 

Wuebbles, D. J., D. W. Fahey, K. A. Hibbard, D. J. Dokken, B. C. Stewart, and T. K. Maycock. 

2017. “Climate Science Special Report: Fourth National Climate Assessment, Volume I.” 

US Global Change Research Program. 

Yednock, B. K., and J. E. Neigel. 2014. “An Investigation of Genetic Population Structure in 

Blue Crabs, Callinectes Sapidus, Using Nuclear Gene Sequences.” Marine Biology 161 (4). 

Springer Berlin Heidelberg: 871–86. 

Zhao, Jun, Thomas S. Bianchi, Xinxin Li, Mead A. Allison, Peng Yao, and Zhigang Yu. 2012. 

“Historical Eutrophication in the Changjiang and Mississippi Delta-Front Estuaries: Stable 

Sedimentary Chloropigments as Biomarkers.” Continental Shelf Research 47 (September): 

133–44. 

 

http://paperpile.com/b/cVstcY/S6C0X
http://paperpile.com/b/cVstcY/S6C0X
http://paperpile.com/b/cVstcY/S6C0X
http://paperpile.com/b/cVstcY/S6C0X
http://paperpile.com/b/cVstcY/6Y4fc
http://paperpile.com/b/cVstcY/6Y4fc
http://paperpile.com/b/cVstcY/6Y4fc
http://paperpile.com/b/cVstcY/6Y4fc
http://paperpile.com/b/cVstcY/6Y4fc
http://paperpile.com/b/cVstcY/4GyYM
http://paperpile.com/b/cVstcY/4GyYM
http://paperpile.com/b/cVstcY/4GyYM
http://paperpile.com/b/cVstcY/4GyYM
http://paperpile.com/b/cVstcY/uNc64
http://paperpile.com/b/cVstcY/uNc64
http://paperpile.com/b/cVstcY/uNc64
http://paperpile.com/b/cVstcY/uNc64
http://paperpile.com/b/cVstcY/uNc64
http://paperpile.com/b/cVstcY/Y8ecP
http://paperpile.com/b/cVstcY/Y8ecP
http://paperpile.com/b/cVstcY/Y8ecP
http://paperpile.com/b/cVstcY/Y8ecP
http://paperpile.com/b/cVstcY/Y8ecP
http://paperpile.com/b/cVstcY/Y8ecP
http://paperpile.com/b/cVstcY/Y8ecP
http://paperpile.com/b/cVstcY/iH76H
http://paperpile.com/b/cVstcY/iH76H
http://paperpile.com/b/cVstcY/iH76H
http://paperpile.com/b/cVstcY/iH76H
http://paperpile.com/b/cVstcY/iH76H
http://paperpile.com/b/cVstcY/edEJD
http://paperpile.com/b/cVstcY/edEJD
http://paperpile.com/b/cVstcY/edEJD
http://paperpile.com/b/cVstcY/edEJD
http://paperpile.com/b/cVstcY/edEJD
http://paperpile.com/b/cVstcY/6dHg1
http://paperpile.com/b/cVstcY/6dHg1
http://paperpile.com/b/cVstcY/6dHg1
http://paperpile.com/b/cVstcY/6dHg1
http://paperpile.com/b/cVstcY/W2LSv
http://paperpile.com/b/cVstcY/W2LSv
http://paperpile.com/b/cVstcY/W2LSv
http://paperpile.com/b/cVstcY/W2LSv
http://paperpile.com/b/cVstcY/W2LSv
http://paperpile.com/b/cVstcY/zV2Uo
http://paperpile.com/b/cVstcY/zV2Uo
http://paperpile.com/b/cVstcY/zV2Uo
http://paperpile.com/b/cVstcY/GUGNN
http://paperpile.com/b/cVstcY/GUGNN
http://paperpile.com/b/cVstcY/GUGNN
http://paperpile.com/b/cVstcY/GUGNN
http://paperpile.com/b/cVstcY/GUGNN
http://paperpile.com/b/cVstcY/Hwx2j
http://paperpile.com/b/cVstcY/Hwx2j
http://paperpile.com/b/cVstcY/Hwx2j
http://paperpile.com/b/cVstcY/Hwx2j
http://paperpile.com/b/cVstcY/Hwx2j
http://paperpile.com/b/cVstcY/Hwx2j

